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Process for detecting target nucleic acid, process for quantifying the same, and pyry Hum 
compound for chemiluminescence analysis 



(57) The present invention provides a process for 
detecting or quantifying a target nucleic acid in a sam- 
ple, the process comprising the steps of associating a 
chemiluminescent compound, capable of being associ- 
ated with a double-stranded nucleic acid, with a double- 



stranded nucleic acid including the target nucleic acid, 
and detecting or measuring chemiluminescence de- 
rived from the chemiluminescent compound associated 
with the double-stranded nucleic acid. According to the 
process, the target nudeiaacid in the sample can be 
highly sensitively detected, or precisely quantified. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a chemiluminescence-utilizing process for detecting or quantifying a target nucleic 
acid, and a pyrylium compound used for chemi luminescence analysis. 

Description of the Related Art 

Nowadays, detection of double -stranded nucleic acids or specific genes, i.e. single-stranded nucleic acids having 
specific base sequences, is routinely carried out in various fields such as medicine, criminal investigations, and agri- 
culture (hereinafter, such double- or single-stranded nucleic acids are referred to as target nucleic acids). 

Double-stranded nucleic acids in samples have been detected, for example, as follows: A double-stranded nucleic 
acid is separated by electrophoresis using a polyacrylamide gel or an agarose gel; the resultant is then stained with a 
fluorochrome which can be intercalated between adjacent base pairs in the double-stranded nucleic acid to exhibit 
enhancement of fluorescence, such as ethidium bromide (EB); the fluorochrome intercalated into the double-stranded 
nucleic acid is excited by a transilfuminator with an ultraviolet lamp; and the fluorescence emitted from the fluorochrome 
is detected. 

Similarly, a double-stranded nucleic acid in a solution can be detected by staining the double-stranded nucleic 
acid with a fluorochrome such as EB, diamidinodiphenylindole dihydrochloride (DAPI) or Hoechst 33258, and detecting 
fluorescence emitted from the fluorochrome. 

A problem with the detection of a double-stranded nucleic acid in a solution using an ordinary fluorochrome whose 
fluorescence is enhanced by being associated with the double-stranded nucleic acid is low detection sensitivity in many 
cases. Fluorescence detection itself is more sensitive than more conventional colorimetry. The absolute sensitivity- 
limit of fluorescence detection, however, falls within a magnitude in the order of a few nM due to problems inherent in 
fluorescence measurement, such as leaking light derived from excitation light, and Raman scattering light from the 
solvent molecules when the sample is liquid. In particular, the sensitivity of fluorescence detection is not satisfactory 
for directly detecting a trace-amount or low-concentration of double-stranded nucleic acid derived from an organism. 

Further, another problem with the detection of a double-stranded nucleic acid using a fluorochrome is the rise of 
the background during the detecting step due to fluorescence emission from the free fluorochrome molecules not 
associated with the double-nucleic acid when irradiated with ultraviolet rays. Such raised background can be a cause 
of lowered detection sensitivity. 

As a remedy to solve the problem concerning the rise of the background, Japanese Patent Laid-Open No. 7-1 74759 
(corresponding to USP 5.624.79B) discloses a method using a pyrylium compound which has a specific structure and 
exhibits fluorescence only when it is associated with a double -stranded nucleic acid. According to this method, the 
detection sensitivity has been markedly improved, and detection utilizing fluorescence has markedly become practi- 
cable. 

Although the detection sensitivity has been improved by reducing the level of the background, the above-described 
problems inherent in detection utilizing fluorescence, such as leakage of light and generation of Raman scattering light, 
has not yet been sufficiently solved. Accordingly, there has been a demand for a method to further improve the detection 
sensitivity. 

Meanwhile, single-stranded nucleic acids having specific base sequences have been detected, for example, by a 
so-called probe method using a labelled nucleic acid as a probe, various probe methods have been developed, in 
which radioisotopes, bioluminescent techniques or chemiluminescent techniques are employed to achieve high sen- 
sitivity 

In probe methods using radioisotopes, labels containing radio active atoms (radioisotopes) are used, and the 
detection sensitivity is satisfactory, and theoretically even one molecule (one copy) of the target nucleic acid can be 
detected. Such probe methods using radioisotopes, however, require special facilities, and the operation is accompa- 
nied by dangers. Further, since radioisotopes are instable, probe nucleic acids labelled with radioisotopes cannot be 
stably stored for long time periods. 

In contrast, probe methods using conventional chemical staining methods or enzymatic staining methods are more 
practical since they do not require special facilities, and the operation is relatively safe. Such probe methods using 
conventional staining methods are, however, markedly inferior in sensitivity to those using radioisotopes, and cannot 
sufficiently cope with detection of nucleic acids which can be obtained only in extremely small quantities, such as 
nucl ic acids derived from organismal samples. Further, in many cases, probe nucleic acids bonded with labelling 
substances for such conventional staining methods are also instable, and cannot be stored for long time periods. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a process for sensitively detecting a target nucleic acid in a sample. 
Further, another object of the present invention is to provide a process for precisely quantifying a target nucleic 
acid in a sample. 

Moreover, another object of the present invention is to provide a compound for use in a chemiluminescence anal- 
ysis. 

According to an aspect of the present invention, there is provided a process for detecting a target nucleic acid 
comprises the steps of; 

associating a chemiluminescent compound capable of being associated with a double-stranded nucleic acid, with 
a double-stranded nucleic acid comprising the target nucleic acid; and 

detecting chemiluminescence from the chemiluminescent compound associated with the double-stranded nucleic 
acid. 

Meanwhile, according to another aspect of the present invention, there is provided a process for quantifying a 
target nucleic acid comprises the steps of: 

associating a chemiluminescent compound capable of being associated with a double-stranded nucleic acid, with 
a double-stranded nucleic acid comprising the target nucleic acid; and 

measuring chemiluminescence from the chemiluminescent compound associated with the double -stranded nucleic 
acid. 

According to these aspects, since the sensitivity of the detection of the nucleic acid is quite high, it is not necessary 
to employ a target nucleic acid-amplifying process, such as PGR process. Further, since chemiluminescence is utilized 
for detecting or quantifying the double-stranded nucleic acid, the above-described problems inherent in fluorescence 
methods can be removed. Moreover, since the chemiluminescent compound may be added after hybridization and 
does not necessarily have to be prevbusly linked to the probe nucleic acid, the probe nucleic acid can be prevented 
from being destabilized, which may occur in the case where the probe nucleic acid is labelled. 

Preferably, the detection of the double-stranded nucleic acid is carried out in a state where the chemiluminescent 
compound is associated with the double -stranded nucleic acid, or under a condition in which the chemiluminescent 
compound acquire chemiluminescent ability only when associated with double-stranded nucleic acids. According to 
such a manner, since the step of removing the chemiluminescent compound which is not associated with the double- 
stranded nucleic acid from the reaction system becomes unnecessary, the detecting operation can be simplified, and 
a highly sensitive detection with an effectively lowered background can be achieved. 

Further, in the above-described embodiments, the problems inherent in detecting methods using fluorochromes, 
such as leaking light derived from excitation light and Raman scattering, are removed, and double-stranded nucleic 
acids can be highly sensitively detected. These embodiments in combination with, for example, a photo-counting tech- 
nique, provide a possibility of one-molecule-level detection of the chemiluminescent compound associated with a target 
double-stranded nucleic acid. In other words, according to the present invention, the sensitivity to detect a double- 
stranded nucleic acid can be further markedly improved as compared to detecting methods utilizing fluorescence. 

The luminescence-detecting step is preferably carried out under a condition in which only the chemiluminescent 
compound associated with the double-stranded nucleic acid can exhibit chemiluminescence. In addition, the chemilu- 
minescent compound exhibiting chemiluminescence only when being associated with double-stranded nucleic acids 
is preferably used. According to this manner, even if the chemiluminescent compound molecules not associated with 
the double-stranded nucleic acid are not removed, the background level is not raised, and the double-nucleic acid can 
be detected or quantified at an extremely high sensitivity, such as a concentration level of 0.1 fM (in terms of base pair) 
or an absolute-quantity level of 0.1 attomoles (in terms of base pair). 

In the above-described embodiments, for example, the structure of the chemiluminescent compound is changed 
through an association with the double-stranded nucleic acid, such as contact or binding reaction, and as a result, the 
chemiluminescent compound finally becomes luminescence-emissive. Typical examples of such an association include 
groove-binding, and intercalation in which the chemiluminescent compound is inserted between oligonucleotides of 
the double-stranded nucleic acid. 

In such a case, the chemiluminescent compound becomes luminescence-emissive only when being associated 
with a double-stranded nucleic acid, and the compound which is not associated with a double nucleic acid does not 
omit chemiluminescence. Duo to such a mechanism, when detecting the luminescence, the influence of the background 
level can be removed, and therefor , the detection for the target nucleic acid can be carried out highly sensitively. 

In addition, according to another aspect of the present invention, there is provided a chemiluminescent compound 
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represented by th following general formula [1]. 




In the above formula: 



X is O, S, Se or Te; 

two of R1, R2 and R3 are independently a substituted or unsubstituted aryl group; 

the other is a hydrogen atom, halogen atom, sulfonate group, amino group, styryl group, nitro group, hydroxyl 
group, carboxyl group, cyano group, substituted or unsubstituted alkyl group, substituted or unsubstituted cy- 
cloaikyl group, -A or -L-A, wherein: 

L is -L1 - -L2-L3- or -|4-L5-L«-, wherein each of U to L 6 is independently -(CH=CH)-, a divalent group derived from 
the substituted or unsubstituted aryl group, a substituted or unsubstituted lower alkylene group, or -CH=R*-, where- 
in R 4 is a ring structure having an oxo group; and 

A is a substituted or unsubstituted aryl group, or -CH=R 5 , wherein is a substituted or unsubstituted heterocyclic 
ring, substituted or unsubstituted cycfoalkyl group or substituted or unsubstituted aromatic ring; and 

Y- is an anion. 



The pyrylium salt compound represented by the above general formula [1] exhibits high luminescent intensities 
when being made to emit chemiluminescence. Further, such a pyrylium compound is capable of exhibiting chemilumi- 
nescence only when being intercalated into a double-stranded nucleic acid, and therefore, it is extremely useful for 
detection of a double-stranded nucleic acid. 

These and other objects, features and advantages of the present invention will become more apparent upon a 
consideration of the following description of a number of embodiments of the present invention which will be described 
by way of example only with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 show the results of measurement of chemiluminescent intensity in 
Examples 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1 , 1 3 and 1 4, respectively; 

Figs. 13, 14, and 15 show the results of quantification of hydrogen peroxide using Compounds "c", "a" and "p" 
listed in Table 3, respectively; and 

Fig. 16 shows the results of quantification of hydrogen peroxide using modamine B. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

Examples of nucleic acids to be subjected to detection or quantification of the embodiments according to the 
present invention, namely, examples of target nucleic acids, include various DNAs such as single- or double-stranded 
DNA and complementary DNA (cDNA) enzymically synthesized from messenger RNA (mRNA), and various RNA such 
as mRNA, transfer RNA (tRNA) and ribosomal RNA (rRNA). Incidentally, the sample subjected to analysis according 
to the present invention may include a plurality of different nucleic acids, and the present invention is suitably applicable 
to, for example, analysis of a total mRNA sample extracted from an living organism. 

According to the present invention, since it is not necessary to bind a labelling substance to a probe nucleic acid 
a modification of the probe nucleic acid's structure for labelling is not required. Therefore, the probe nucleic acid is free 
of limitation in view of labelling. As a probe nucleic acid, DNA, RNA and other modified nucleic acids having sequences 
necessary for desired hybridization can be used. 
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The chemiluminescent compound preferably possesses the properties of being stably held in a double-stranded 
nucleic acid when associated with the nucl ic acid, and being able to g n rat sufflci ntlyint ns chemiluminesc nc 
in th associated state. Examples of association between the compound and the doubl -strand d nucleic acid include 
adsorption or binding of the compound to th double-stranded nucleic acid, incorporation of the compound into the 
double-stranded nucleic acid, and other various modes. In the present invention, preferred association modes are 
groove-binding, intercalation and the like in which the chemiluminescent compound is inserted into the double-stranded 
nucleic acid. 

Examples of compounds capable of causing groove-binding and exhibiting luminescence when associated with a 
double-stranded nucleic acid include DAPI (4\6-diamidino-2phenylindole d hydrochloride; manufactured by, for exam- 
ple, Funakoshi Co., Ltd.) and YOYO-1 (manufactured by Molecular Probe Inc.). 

In the case of using a chemiluminescent compound capable of being intercalated into the double helical structure 
of a double-stranded nucleic acid, namely, capable of serving as an intercalator, the environment surrounding the 
chemiluminescent compound changes as a result of intercalation. For example, when the chemiluminescent compound 
and the double-stranded nucleic acid are dissolved in an aqueous medium, the environment surrounding the compound 
changes to be more hydrophobic by intercalation. In addition, since the intercalated chemiluminescent compound is 
inserted between oligonucleotides of which the double-stranded nucleic acid consists, it is considered that the structure 
of the chemiluminescent compound changes when being intercalated. The degree of the structural change by inter- 
calation is considered to be higher than that by other association modes such as groove-binding, and such structural 
change is preferred for the present invention. Further, when the chemiluminescent compound is capable of serving as 
an intercalator, only the intercalated molecules of the compound can be made to emit chemiluminescence based on 
the above-described environmental change and/or structural change. 

Examp les of chemiluminescent compounds havin g such properties of an intercalator include acridine orange, ethid- 
ium bromide, and pyrylium compound represented by the following general formula [1]. 




In the above formula: 
X is O, S, Se or Te; 

two of R 1 , R 2 and R 3 are independently a substituted or unsubstituted aryl group; 

the other is a hydrogen atom, halogen atom, sulfonate group, amino group, styryl group, nitro group, hydroxyl 
group, carboxyl group, cyano group, substituted or unsubstituted alkyl group, substituted or unsubstituted cy- 
cloalkyl group, -A or -L-A, wherein: 

L is -U-, -L 2 -l_3- or -L 4 -l_5-L 6 -, wherein each or L 1 to L e is independently -(CH=CH)-, a divalent group derived from 
the substituted or unsubstituted aryl group, a substituted or unsubstituted lower alkylene group, or -ChbR 4 -, where- 
in R 4 is a ring structure having an oxo group; and 

A is a substituted or unsubstituted aryl group, or -CH=R 5 , wherein R 5 is a substituted or unsubstituted heterocyclic 
ring, substituted or unsubstituted cycloalkyl group, or substituted or unsubstituted aromatic ring; and 

Y" is an anion. 



Examples of the substituted or unsubstituted aryl group include a phenyl group; aminophenyl group; dialkylami- 
nophenyl group, such as a dimethylaminophenyl group and diethylaminophenyl group; carboxyphenyl group, azulenyl 
group (cyclopentacycloheptenyl group). These groups may have one or more substituents such as halogen atom and 
alkyl group. Further, in the case of the azulenyl group, such one or more substituents may also be dialkylaminophenyl 
groups such as a dimethylaminophenyl group and diethylaminophenyl group. 

Examples of the alkyl group include a straight-chain or branched alkyl group having 1 to 6 carbon atoms, such as 
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a methyl group, ethyl group, propyl group and butyl group. Examples of cyctoalkyl group Include a cyctopropyl qroup 
cydobutyl group, cyclop ntyl group and cyclohexyl group. These groups may have one or mor substitu nte suchas 
halogen atoms and alkyl groups. 

As to L1 to L6, examples of the divalent group derived from aryl group include an o-phenylene group m-phenylene 
group and p-phenylene group, and Ihese groups may have one or more substiluents such as a halogen atom and alkyl 
group Further, examples of the alkylene group include a straight-chain or branched lower alkylene group having 1 to 
6 carbon atoms, such as a methylene group and ethylene group, and these groups may have one or more substituents 
such as a halogen atom and alkyl group. 

As to the group A, example of the aryl group include the same aryl groups as those for the two substituents selected 

Trom H 1 , R*= and R J . 

As to the group R* examples of the heterocyclic ring include a furan ring, thtophene ring, pyrrole ring pyran rinq 
tniopyran ring, pyridine ring and imidazole ring, and examples of substituent in such a heterocyclic ring include a 
halogen atom, straight-chain or branched alkyl group having 1 to 6 carbon atoms and dialkylaminophenyl group such 
asadimethylaminophenyl group and diethylaminophenyl group. Further, examples of the cycloalkyl group for the group 
Rs include the same substituted or unsubstituted cycloalkyl group as that for one of R 1 to F*». Moreover examples of 
the aromatic ring for the group R5 include a benzene ring, naphthalene ring and azulene ring, and examples of sub- 
s ituent m such an aromatic ring include a halogen atom, alkyl group and dialkylaminophenyl group, such as a dimeth- 
ylaminophenyl group and diethylaminophenyl group. 

Examples of the anion as V include CI", Br, I", CKV, SbF 6 -, and BF 4 ". |- or CI0 4 - is particularly preferably used 
Furthermore more specific and preferred examples of the group -L- include the groups respectively represented 
by the following formulae [2] to [6]. 

-CH=C-(CH=CH)n- 
I 

z [2] 

-<t>-(CH=CH)n- [3] 
-CH=CH-$-CH=CH- r 4 ] 




[5] 




- CH 

^ 16] 

In the above formulae, Z is a hydrogen atom or a substituted or unsubstituted lower alkyl group n is 0 1 or 2 and 
♦ is a substituted or unsubstituted o-, m- or p-phenylene group. Further, the lower alkyl group as the group Z in the 
above formula [2] may be, for example, a straight-chain or branched alkyl group having 1 to 6 carbon atoms and an 
example of substituent which may be present in the alkyl group includes a halogen atom. Moreover, examples of 
substituent wh.ch may be present in the phenylene group * in the above formula [3] or [4] include a halogen atom and 
alKyi group. 

More specific and preferred examples of the compound represented by the general formula [ 1 1 include the pyrylium 
compounds respectiv ly r presented by the following general formulae [7] to [15]. 



6 
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N(CH 3 ) 2 



(CH 3 ) Z N 
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(CH 3 ) 2 N 




N(CH 3 ) 2 



[13] 



N(CH 3 ) : 



(CH 3 ) 2 N 




N(CH 3 ) 2 



[i4: 




[15] 



In the above formulae [7] to [15], X and Y aro defined similarly to the genoral formula [1]. 
Further, still more specific examples of preferred pyrylium compound include the compounds listed in Table 1 which 
n be synthesized according to publicly-known processes, and the compounds which are based on the 4M(CH 3 ) 2 - 
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containing compounds among the compounds listed in Table 1 and which have the group -H instead of the group -N 
(CH 3 ) 2 . » r 



Table 1 




Com- 
pound X Y 
No. 



Ri 



C10 4 R 6 = CH 3 
or I R 7 = h 

R 8 = <t>-N(CH 3 ) 2 
R 9 = H 
Rio= A 



<t>-N(CH 3 ) 2 



CIO4 R 6 = CH 3 
or I R7 = H 

R 8 = <t>-N(CH 3 ) 2 
R 9 = H 
R i0 = A 



<{>-N(CH 3 ) 2 



O CIO4 
or I 



R € = 4> 
R 7 = H 

R 8 = A 
R 9 = H 

<t> 



4>-N(CH 3 ) 2 



4 


S CIO4 


R 6 = 


♦ 




♦ -N(CH 3 ) 2 




or I 


R7 = 


H 








R 8 = 


A 










R, = 


H 










R 10 = 








5 


0 C10 4 


R 6 = 


<t> 


General 


<t>-N(CH 2 CH 3 ) 2 




or I 


R 7 = 


H 


formula [2] 








R 8 = 


L-A 


n = 0 








R 9 = 


H 


Z = H 








Rio- 


♦ 
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C104 


R 6 = ♦ 


General 


4>-N(CHj) 2 






or I 


R 7 = H 


formula [2] 
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n = 1 










R 9 = H 
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Table 1 (continue) 



Com- 
pound X Y Ri l A 
No. 
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C10 4 
or I 



Re = <t> 
R 7 = H 
R 8 = L-A 
R 9 = H 

R xo = <J> 



General 
formula [4] 



<t>-N(CH 2 CH 3 ) 2 



17 



0 CIO4 R 6 = ((> 



or I 



R 7 = H 

Ra = <t> 
R 9 = H 
R 10 = L-A 



18 



CIO4 
or I 



R € = <J> 
R 7 = H 

R 8 = * 
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Rio= L-A 



19 
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R« = 4> 

R 7 = H 

R B = 4> 
R 9 = H 
R 10 = L-A 



20 



C10 4 
or I 



Re = 4> 

R 7 = H 

R 8 = <t> 

R 9 = H 

R i0 = L-A 



General 
formula [4] 



<I>-N(CH 2 CH 3 ) 2 



General 
formula [4] 



<J>-N(CH 2 CH 3 ) 2 



General 
formula [5] 



4>-N(CH 3 ); 



(-)CH 




*-N(CH 3 ) 2 



General 
formula [5] 



HCH 




N(CH 3 ); 



♦ -N(CH 3 )2 
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Table 1 (continue) 
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<t>-N(CH 3 ) 2 



22 0 C10 4 R 6 = <{> 
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4>-N(CH 3 ) 2 




(-)CH X ^(T X 4>-N(CH 3 ) 2 
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Table 1 (continue) 



Com- 
pound X Y Ri l 
No. 



26 


^ fin. 
or I 


R 7 = 


<P 
H 


General 
formula 


12] 








Ra = 
R 9 = 

Rio= 


H 

L-A 


n = 0 
Z = H 


H3C 


^ r ^N(CH3) 2 


27 


0 C10 4 
or I 


Re = 
R7 = 


H 


General 
formula 


[2] 


4>-N(CH 3 ) 2 






R 8 = 
R 9 = 

R10- 


♦ 

H 

L-A 


n = 0 
Z = H 


HCH 


'(T N *-N(CH 3 )2 



28 S C10 4 R 6 = <|) 
or I R 7 = H 

R 8 = ♦ 
R 9 = H 
Rio= L-A 



General 
formula [2] 
n = 0 
Z = H 



♦ -N(CH 3 ) 2 



HCH 




♦ -N(CH 3 )2 



29 O C10 4 R 6 = 4 
or I R 7 = H 

R 8 = <t> 
R 9 = H 
Ri 0 = L-A 



General 
formula [2] 
n = 0 
Z = H 



<fr-N(CH 3 ) 2 




(-)CH (r N $-N(CH3)2 



30 


0 CIO4 R 6 = 


<t> 


General 






or I R 7 = 


H 


formula [2] 


/<t»-N(CHj) 2 




R 8 = 


L-A 


n = 0 (-)CH =/ 






R 9 = 


H 


Z = H \ 




R 10= 






= ^<t)-N(CH 3 ) 2 
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Com- 
pound X Y Ri L A 
No. 



31 


S C10 4 
or I 


Re = 
= 


H 


General 
formula 


[2] 






N(CH 3 )2 






R 8 = 
R 9 = 

Rio= 


L-A 
H 

♦ 


n = 0 
Z = H 








N(CH 3 ) 2 


32 


0 C10 4 
or I 


Re = 
R 7 = 


H 


General 
formula 


[2] 






N(CH 3 ) 2 






R 8 = 
R 9 = 

Rio- 


L-A 
H 

♦ 


n = 0 
Z = H 






< 
•<,- 


N(CH 3 ) 2 



33 O CIO4 R 6 = <f>-N(CH 3 ) 2 <t>-N(CH 3 ) 2 

or or I R 7 = H 
S R 8 = A 

R 9 = H 

Rio= <j>-N(CH 3 ) 2 



34 O CIO4 R 6 = (t>-N(CH 3 ) 2 CH 3 

or or I R 7 = H 
S R 8 = A 

R9 = H 

Rio= <{>-N<CH 3 ) 2 



35 0 CIO4 R 6 = <p-N(CH 3 ) 2 <(>-COOH 
or or I R 7 = H 
S R 8 = A 

R 9 = H 

Rio= <|>-N(CH 3 ) 2 
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Table 1 (continue) 



Com- 
pound X Y Ri l A 
No. 



36 O C10 4 R 6 = <J>-N<CH 3 ) 2 General (t>-N(CH 3 ) 2 

or or I R 7 = H formula [2] 

S R 8 = L-A n = 0 

R 9 = H Z = H 
Rio= <t>-N(CH 3 ) 2 



37 O CIO4 R 6 = <|>-N(CH 3 ) 2 General 0-N(CH 3 ) 2 

or or I R 7 = H formula [2] 

S R 8 = L-A n = 1 

R9 - H Z = H 
R 10 = <|>-N(CH 3 ) 2 



38 O C10 4 R 6 = <J)-N(CH 3 ) 2 General <|>-N<CH 3 )2 
or or I R 7 = H formula [3] 

S R e = L-A n = 1 

R 9 = H 

Rio* <1>-N(CH 3 ) 2 



39 O C10 4 R 6 = <J>-N(CH 3 ) 2 General 4>-N<CH 3 ) 2 
or or I R 7 = H formula [4] 

S R 8 = L-A 

R 9 = H 

Rio= <t>-N(CH 3 ) 2 



40 O CIO4 R 6 = <J>-N(CH 3 ) 2 General <}>-COOH 

or or I R 7 = H formula (2) 

S R 8 = L-A n = 0 

R 9 = H Z = H 
Rl0= 4>-N(CH 3 ) 2 
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Table 1 (continue) 



Com- 
pound X Y Ri l A 
No. 



41 O C10 4 R 6 = <t>-N(CH 3 ) 2 General <{>-COOH 

or or I R 7 = H formula [2] 

S R 8 = L-A n = 1 

R 9 = H Z = H 
Rio= <t>-N(CH 3 ) 2 



42 0 C10 4 R 6 = <J)-N(CH 3 ) 2 General (fr-COOH 
or or I R 7 = H formula [3] 

S R 8 = L-A n = 1 

R 9 = H 

Rio= <t>-N(CH 3 ) 2 

43 O C10 4 R 6 = <t>-N<CH 3 ) 2 General <|>~COOH 
or or I R 7 = H formula [4] 

S R 8 = L-A 

Rg = H 

Rl0= (t>-N(CH 3 ) 2 



44 O C10 4 R 6 = L-A General <J>-N(CH 3 ) 2 
or or I R 7 = H formula [2] 

S R 8 = <|>-N(CH 3 ) 2 n = 0 

R 9 = H Z = H 
Rio= *-N(CH 3 ) 2 

45 O CIO4 R 6 = L-A General <J)-N(CH 3 ) 2 
or or I R 7 = H formula [2] 

S R 8 = <)>-N(CH 3 ) 2 n = 1 

R 9 = H Z = H 

Rio= *-N(CH 3 ) 2 
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Table 1 (continue) 



Coin- 
pound X Y Ri l a 
No. 



46 O C10 4 R 6 = L-A General <t>-N(CH 3 ) 

or or I R 7 = H formula [3] 

S R 8 = <t>-N(CH 3 ) 2 n = 1 

R 9 = H 

Rio= *-N(CH 3 ) 2 



47 O C10 4 R 6 = L-A General 

or or I R 7 = H formula [4] 

S R 8 = <t»-N(CH 3 ) 2 

R 9 = H 

Rio= <J>-N(CH 3 ) 2 



<t>-N(CH 3 ) 



48 O C10 4 R 6 = L-A 
or or I R 7 = H 



General <|)-COOH 
formula [2] 
R 8 = 4 | -N(CH 3 ) 2 n = 0 
R 9 = H Z = H 

Rio= <t»-N(CH 3 ) 2 



49 O C10 4 R 6 = L-A General <J)-COOH 

or or I R 7 = H formula [2] 

S R 8 = <|>-N(CH 3 ) 2 n = 1 

R 9 = H Z = H 
R l0 = <|)-N(CH 3 ) 2 



50 0 C10 4 R 6 = L-A General 

or or I R 7 = H formula [3] 

S R 8 ^ 4>-N(CH 3 ) 2 n = 1 

R 9 = H 

Rio= <{>-N<CH 3 ) 2 



<(>-COOH 
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Table 1 (continuation) 



Com- 














pound 


X 


Y 


Ri 




L 


A 


No. 














S 1 
D X 


r\ 
\J 








General 


<P~CaXJH 




or 


or I 


R-7 = 


H 


fnrnniila f41 






c 




K 8 - 














R 9 = 


H 












R 10 = 


<f>-N(CH 3 ) 2 






52 


o 


CIO4 


R* = 


A 




-COOH 




or 


or I 


R 7 = 


H 








s 




Ra = 


<1>-N (CHt ) 9 












R 9 = 


H 












R 10 = 


<|)-N(CH3)2 






53 


0 


C10 4 


R. = 


A 




A-COOH 




or 


or I 


R 7 = 


H 








s 




Rb = 


(b-N(CHi) *j 












R 9 = 


H 












R 10 = 


<()-N(CH 3 ) 2 






54 


0 


cio 4 


R* = 


<t> 








or 


or I 


R 7 = 


H 








S 




R« = 














R 9 - 


H 












Rio = 


<t>-N(CH 3 ) 2 






55 


0 


cio 4 


R 6 = 


<t>-N(CH 3 ) 2 








or 


or I 


R7 = 


H 








S 




R e = 














R 9 = 


H 












R10- 


<t>-N(CH 3 ) 2 







Furthermore, especially preferred examples of pyrylium compounds include the following: 

2-methyl-4 1 6-bis(4-N,N-dimethylaminophenyl)pyrylium iodide (general formula [7]: X = O and Y = I); 
2-methyl-4,6-bis(4-N p N-dimethylaminophenyl)pyrylium perchlorate (general formula [7]: X = O and Y = CI0 4 ); 
2-methyl-4,6-bis(4-N,N-dimethylaminophenyl) thiapyrylium iodide (general formula [7]: X = S and Y = I); 
2-methyl-4,6-bis(4-N,N-dimethylaminophenyl) thiapyrylium perchlorate (general formula [7]: X = S and Y = CI0 4 ); 
2-methyl-4,6-diphenylpyrylium iodide (general formula [8]: X = O and Y = I); 
2-methyl-4,6-diphenylpyrylium perchlorate (general formula [8]: X = O and Y = C10 4 ); 
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2-m©thyl-4,6^diphenylthiapyrylium iodide (gen ral formula [8]: X = S and Y = I); 
2-methyl-4,6<Jiph nylthiapyrylium perchlorate (gen ral formula [8]: X = S and Y = CI0 4 ); 
4-methyl-2,6-bis(4-N,N-dimethylaminoph nyl)pyrylium iodide (general formula [9]: X = O and Y = I); 
4-methyl-2,6-bis(4-N J N-dimethylaminophenyl)pyrylium p rchlorat (general formula [9]: X = O and Y = CI0 4 ); 
4-methyl-2,6-bis(4-N,N-dimethylaminophenyl) thiapyrylium iodide (general formula [9]: X = S and Y = I); 
4-methyl-2,6-bis(4-N,N-dimelhylaminophenyl) thiapyrylium perchlorate (general formula [9]: X = S and Y = CI0 4 ); 
4-methyl-2,6-diphenylpyrylium iodide (general formula [10]: X = O and Y = I); 
4-methyl-2,6-diphenylpyryliurn perchlorate (general formula [10]: X = O and Y = CI0 4 ); 
4-methyl-2,6-diphenylthiapyrylium iodide (general formula [10]: X = S and Y = I); 
4-methyl-2 ( 6-diphenylthiapyrylium perchlorate (general formula [10]: X = S and Y = CI0 4 ); 
4-(4-N,N-dimethylaminophenyl) -2,6-diphenylpyrylium iodide (general formula [11 J: X = O and Y = I); 
4-(4-N,N-dimethylaminophenyl)-2,6-diphenylpyrylium perchlorate (general formula [11]: X = O and Y = CI0 4 ); 
4-(4-N,N-dimethylaminophenyl)-2,6-diphenylthiapyrylium iodide (general formula [11]: X = S and Y = I); 
4-(4-N ) N-dimethylaminophenyl)-2 1 6-diphenylthiapyrylium perchlorate (general formula [11]: X = S and Y = CI0 4 ); 
2-phenyl-4 1 6-bis(4-N,N-dimethylaminophenyl)pyrylium iodide (general formula [12]: X= O and Y = I); 
2-phenyl-4, 6-bis(4-N,N-dimethylaminophenyl)pyrylium perchlorate (general formula [12]: X = O and Y = CI0 4 ); 
2-phenyl-4,6-bis(4-N ( N-dimethylaminophenyl) thiapyrylium iodide (general formula [12]: X = S and Y = I); 
2-phenyl-4 ( 6-bis(4-N,N-dimethylaminophenyl) thiapyrylium perchlorate (general formula [1 2]: X = S and Y = CI0 4 ); 
4-phenyl-2,6-bts(4-N J N-dimethylaminophenyl)pyrylium iodide (general formula [13]: X - O and Y = I); 
4-phenyl-2 t 6-bis(4-N,N-dimethylaminophenyl)pyrylium perchlorate (general formula [13]: X = O and Y = CI0 4 ); 
4-phenyl-2,6-bis(4-N,N-dimethylaminophenyl) thiapyrylium iodide (general formula [13]: X = S and Y = I); 
4-phenyl-2,6-bis(4-N,N-dimethylaminophenyl) thiapyrylium perchlorate (general formula [1 3]: X = S and Y = CI0 4 ); 
2,4,6-tris(4-N,N<limethylaminophenyl)pyrylium iodide (general formula [14]: X = O and Y = I); 
2 I 4 J 6-tris(4-N,N-dimethylaminophenyl)pyrylium perchlorate (general formula [14]: X = O and Y = CI0 4 ); 
2,4,6-tris(4-N,N-dimethylaminophenyl)thiapyrylium iodide (general formula [14]: X = S and Y = I); 
2 ) 4,6-tris(4-N p N-dimethylaminophenyl)thiapyrylium perchlorate (general formula [14]: X= S and Y = CI0 4 ); 
2,4,6-triphenylpyrylium iodide (general formula [15]: X = O and Y = I); 
2,4,6-triphenylpyrylium perchlorate (general formula [15]: X = O and Y = CI0 4 ); 
2,4,6-triphenylthiapyrylium iodide (general formula [15]: X = S and Y = I); and 
2,4,6-triphenylthiapyrylium perchlorate (general formula [15]: X = S and Y = CI0 4 ). 

Incidentally, in the compounds represented by the general formula [1], at least one hydrophilic group such as a 
carboxyl group and sulfonate group may be introduced into at least one substituent of the pyrylium ring to enhance 
the solubility of the compounds to aqueous medium which may be used for detection or quantification of target nucleic 
acids. 

As to a pyrylium dye compound itself, research has been conducted since the beginning of the 20th century, and 
a large number of articles and authorized publications have been issued. Some of the specific examples of pyrylium 
dye compounds used in the present invention have been synthesized by R. Wizinger, et aU~(Helv. Chim. Acta, 39, 5, 
1 956), N. Yamamoto, et al. (EP 603,783 Al), and others. Further, the fluorescent properties of pyrylium dye compounds 
are described in the authorized publication "Advance in Heterocycle Chemistry supplement 2 Pyrylium Salt" edited by 
A. R. Katrizky, the aforementioned European patent publication, the specifications of USP 4,555,396 and 4,840,784, 
and others. 

Additionally, the Inventors have already found that the pyrylium compounds represented by the above formula [1 ] 
can serve as intercalators (Nucleic Acid Symposium Series, No. 29, 83-84, 1993), and have conducted research on 
processes for quantifying double-stranded nucleic acids based on fluorescent methods using such pyrylium compounds 
(Nucleic Acids Research, 23, 8, 1445-1446, 1995). 

The literature relating to pyrylium dye compounds, including the above publications and articles, however, has no 
description concerning the chemiluminescent properties thereof. 

The pyrylium compounds represented by the above-described general formula [1] exhibit chemiluminescent effi- 
ciency equal to or more than that of conventional chemiluminescent compounds, and some of such pyrylium compounds 
exhibit extremely high chemiluminescent efficiency. 

Further, the pyrylium compound represented by the general formula [1 ] is stable even when being intercalated into 
double-stranded nucleic acids, and not readily separated from the double -stranded nucleic acid. Moreover, such a 
pyrylium compound is intercalated into a double-stranded nucleic acid in the ratio of one molecule of the compound 
to approximately 25 base pairs of the double-stranded nucleic acid (ethidium bromide is intercalated in the ratio of one 
molecule of EB to approximately 4 base pairs). This characteristic is greatly effective in removing detection noise 
derived from short double-stranded nucleic acid fragments generated by mismatch. Additionally, since short double- 
stranded nucleic acid portion contained in tRNA and rRNA is not detected, tRNA and rRNA can be directly used as 
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the target nucleic acid. In the above point of view, the pyrytium compounds r presented by the gen ral formula [1] are 
regard d as more preferable. 

In the case that th chemiluminescent compound which exhibits chemiluminesc nc ev n in a free state, namely, 
even when not associated with a double-stranded nucleic acid, is used, and the generated chemiluminescence raises 
the background level of the detection system, the free molecules of the compound is preferably removed from the 
luminescent reaction system by, for example, a washing treatment. Also in this case, it is preferable to use a chemilu- 
minescent compound capable of being associated with the double-stranded nucleic acid by intercalation, since inter- 
calation achieves more secure association between them. 

If the conditions for being emitted luminescence from the chemiluminescent compound are set such that only the 
chemiluminescent compound associated with the double-stranded nucleic acid or only the chemiluminescent com- 
pound having undergone association with the double-stranded nucleic acid can emit luminescence, the above-men- 
tioned washing treatment or the like can be omitted, the entire detecting process can be simplified, and the background 
can be effectively reduced to improve the detection sensitivity. Such conditions can be achieved by selecting a chemi- 
luminescent compound satisfying the above-described properties, appropriately designing the physical and chemical 
conditions of the reaction system, or the like. 

More specifically, a chemiluminescent comppund capable of taking two structures "A" and "B", the structure "A" 
being taken before the association with the double-stranded nucleic acid, and never cause the compound to emit 
luminescence, and the structure "B" being taken when the compound is associated with the double-stranded nucleic 
acid, and causes the compound to emit luminescence, may preferably be used. Such a compound has clear threshold 
between states for emitting luminescence or not, thus the target nucleic acid can be detected in high sensitivity, and 
in remarkable S/N ratio. 

For such a chemiluminescent compound, as the mode for association with the do uble-stranded nucleic acid, groove 
binding and intercalation etc. can be considered, and the chemiluminescent compound capable of being intercalated 
into the double-stranded nucleic acid is more preferable. When the chemiluminescent compound can serve as an 
intercalator, the environment surrounding the chemiluminescent compound changes. For example, when the chemi- 
luminescent compound and the double-stranded nucleic acid are in an aqueous medium, the environment surrounding 
the compound changes to be more hydrophobic by intercalation. In addition, the structure of the chemiluminescent 
compound changes. The degree of the structural change by intercalation is higher than that by other association modes 
such as groove-binding, and such structural change is preferred as structural change by association employed in the 
present invention. 

In view of structure, it is considered that the compound represented by the general formula [1 ] is markedly different 
from other intercalators, such as ethidium bromide. Since ethidium bromide has a condensed-ring structure as its 
central structure, it emits luminescence even before intercalation. In contrast, the compound represented by the general 
formula [t] has a structure which permits the compound to exhibit luminescence only when associated with double- 
stranded nucleic acid, or only when associated with double-stranded nucleic acid and placed under appropriate con- 
ditions for causing the luminescent reaction. 

The following is considered as an explanation for such luminescent properties achieved by such specific compound 
structures. Each of the compound represented by the general formula [1] has no condensed-ring structure. Even if the 
pyrylium ring of the compound has one or more aromatic rings as substituents, such aromatic rings are bonded to the 
pyrylium ring by single bonds. Due to this, in a free-state where the compound is not intercalated with a double-stranded 
nucleic acid, each substituent of the compound is single-bonded to the pyrylium ring as a base-skeleton at an angle 
of a few tens degrees, and the resulting structure rarely permits the compound to exhibit luminescence. When the 
compound is intercalated and inserted between two oligonucleotides of the double-stranded nucleic acid, the steric 
positional-relationship between the pyrylium ring and each substituent is varied such that the angle between them 
decreases, namely, they are disposed on a common plane, and the resulting structure permits the compound to readily 
exhibit luminescence. According to such an mechanism, the compounds represented by the formula [1] is considered 
to exhibit the non-luminescent properties in the absence of double-stranded nucleic acids. 

In some cases, the compound represented by the general formula [1] exhibits chemiluminescence even in the 
absence of the double-stranded nucleic acid when being solved into some organic solvents, especially in highly-viscous 
organic solvents such as dimethyl phthalate, in the presence of hydrogen peroxide and bisdinitrophenyl oxalate. In 
case of employing an aqueous medium instead of the organic solvents, however, the compound does not exhibit 
chemiluminescence in the absence of the double -stranded nucleic acid even in the presence of a luminescence-in- 
ducing reagent. 

Accordingly, when such a pyrylium compound represented by the formula [1 ] is intercalated into a double-stranded 
nucleic acid in an aqueous medium, such as water, an aqueous buffered solution (a phosphate buffered solution, a 
Tris buffered solution etc.) in the presence of a luminescence-inducing reagent, only the pyrylium compound interca- 
lated into the double-stranded nucleic acid can exhibit chemiluminescence. Such a system is extremely effective in 
achieving highly sensitive and simple detection of target nucleic acids and precise quantification of the same. 
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The mechanism of ch miluminesc nee is basically considered as follows: A certain substance is chemically excited 
into an excitation state, and a luminesc nt energy is discharged when the substance r turns to th ground state, \fcrious 
chemiluminesc nt reaction systems have been dev loped, and the following are typical examples of them. 

(t ) A system in which luminol or a luminol derivative is excited by hydrogen peroxide in the presence of a catalyst, 
and emits luminescence when it returns to the ground state. 

(2) A system in which N-methylacridinium is excited by hydrogen peroxide in an alkaline condition, and emits 
luminescence when it returns to the ground state. 

(3) A system in which lucinigen is excited by a reductive substance in an alkaline condition, and emits luminescence 
when it returns to the ground state. 

(4) A system in which an oxalic ester or derivative thereof is converted into an excited intermediate by a peroxide, 
a coexisting fluorochrome is excited by the energy discharged when the intermediate is decomposed, and the 
excited fluorochrome emits chemiluminescence when it returns to the ground state. 

Although in the present invention, various luminescent reaction systems including the above systems (1) to (4) 
can be employed, the system (4) is more preferable. For example, when a pyrylium compound represented by the 
general formula [1] is used as a chemiluminescent compound, a combination of an oxalic ester or derivative thereof 
and a peroxide is preferred as a luminescence-inducing reagent. Examples of an oxalic ester and derivative thereof 
used in such a luminescence-inducing reagent includes oxalates such as the compounds respectively represented by 
the following formulae [16] to [24], and oxamides such as the compounds respectively represented by the following 
formulae [25] to [30]. 
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N 



, x oo / k 




N0 2 



N0 2 



0 2 N' 



[19] 



C N COOC 5 H„ CsHnOOC 7 ^ V| 



[20] 



CHO OHC 




N0 2 



[21] 



f~^-o-LLo_)~^_. F 



/F F, 



[22] 



[23] 



C2H 5 O(H2CH2C0)2OC 



0 




no 2 



CO(OCH 2 CH 2 )20C2H5 



[24] 
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rf \+ 30 || 

0 N — CH2CH2CH2 — N— C — 



50 || 
— UliLH ~" 

CH3 S0 2 



I 

CF 3 



2CF3SO1 

[30] 



aqueous buffered solufons, such as a phosphate buffered solution, Tris buffered solution oteZ "oh of JTl 

from 5 0 to a 0 tSU If 1 , cwn P° un «' represented by the general formula [1], the preferred pH range is 
Shftinn h '" C,denta,,y ' althou 9 h some of compounds represented by the genera formula Ml are capable 
il 22? Chemi ' uminescence in a hi 9nly vtecous organic solvent such as dimethyl phthalate in the presTe of a 

r* J !T double^tranded nucleic acid, such compounds do not exhibit chemiluminescence in the 

case where an aqueous medium is used instead of such an organic solvent nem.iummescence .n the 

If necessary an organic solvent soluble in such an aqueous medium may be added in an amount not affectina 
ach.evement of the object of the present invention, in order to further improve the solub i^of ^ 

combhaS 2 Z * Y USed ° r9an,c solvent and rts amou "t are appropriately determined depending on the 

comb.nation of he chemilumfnescent compound and the luminescence-inducing reagent In general the amount of 

Z^TZnTTTT?*^ fe " "* h the ran9e fr0m 2 to 50% * ami ™ZlXZtolel 

£E rsii : c emZ r ei ? and ? probe nucieic acid are hybridized ,o ,orm a 

hmh! J chem,lurT,inescent impound represented by the formula [1] is inserted into the double-stranded 
nucleic acid as an mtercalator. Subsequently, chemiluminescence from the Inte calated cUo^ne^eTcZZTi 
-^teaym^sured in the conditions where on.y the chemiluminescent compoundmc^iiS^i^E 
stranded nucleic acid can exhibit chemiluminescence. "isenea inioine aouble 

In the above-described case, since chemiluminescence is utilized fordetection/quanttfication of the double-strand 

lurnines en, compound can be inserted into the hybrid nucleic acid after the hybridization step, the ^obe nude!c acid 
does not require be.ng previously coupled with a labelling substance. Due to this, the probe nucleic acid can be ™ 
vented from destabilizing which may occur in .he case where the probe nucleic acki isEed P 
between thp 'LnT °' ^""l "1°™° luminescence ' the of the double-stranded portion of a hybrid formed 

ran ^^"^leclion of the double-stranded nucleic acid can be further facilitated, and the detection sensitivitv 

oS^o toTS 1 < ihai , ,h r ? e nucieic acid is 2oomer and ,he ta ^ w-^i^zsz 

^^ ^^T^ h d ° t0CtiOn SOnSi,iVity oan b ° impr0VGd in ™ or lwo orders of magnitude, and 
the hybfid 9 9 PrOPOrti ° n 10 th ° SXtenei0n ° f »» '"a* 01 the double-stranded portion of 
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n , n lT 8t ? f ° r h ^ rldi2in 9 the ter 9 et sin 9' -strand d nucleic acid and the probe nucleic acid, the target nucleic acid 
or prob nucle.c ac.d may be immobl.iz d on a solid phase pr vious to the succeeding reac ions TJSS? to th s 
manner, for exarnpte, the free chemiiuminescent compound molecu. s no, inserted into the doubled d nuc ic 
defc ac?d " SeParat8d ,r0m *" Chemi,Uminescent motocuta. inserted into the doubiStra^nu 

m JUT^^ * ^ **** ° f ^ nUC ' eiC acid,oasolid P hase ^" be carried out according toapublicV-known 
method selected dependmg on the type of the immobilized nucleic acid, the material of the solid phase and the^te 
The earner material of the solid phase is not especially limited so long as it achieves the desired immobS state of 
the target or probe nucleic acid, the hybridization between the target nucleic acid and the pnZSSlST^ 
auoctfton between the resuiting hybrid and the chemiiuminescent compound, and iuminescence from te TemT 
Z :^^l^ Aar 10 «*^ m - h0 * and fl — ' methods, even carrier materials wlich in- 
Invemfon luminescence, such as a nitrocellulose filter or a nylon filter, can be used in the present 

be utrt i^r^ " ,eaSu ^ ement of luminescence 'or quantification, plastic plates such as microliter plates which can 
be used ,n microplate readers are preferred as such solid phases. Immobilization of the nucleic acid to a microtfter 
plate can forexample, be achieved based on covalent binding or physical binding, though c««lert bSnJepSi 
,n v.ew of easy operation and secure detectbn. Such immobilization based on covalent binding can be acwLved for 

acid, as disclosed in Japanese Patent Laid-open No 7-506482 

hybr^at^^^^ 

f^ eanWhi ' e ;^ deSCribed abWe the StrUC,ure of the P robe nucleic acid may be designed such that the hvbrid 

SSf, - a ? £T * ^ ^ nUCteiC aCW and the Pr0be nucleic «* ^Prises a double^t andeC pS 
and a single-stranded portion. By this means, a double-stranded portion in the hybrid can be extendi ™nq aS£? 
stranded portion in the hybrW as a template base sequence, and as a result, the detection sTnS can be Ser 
proved Theextension of thedouble^tranded portion can also beachieve^b^ 

when the target nucleic ackJ is mRNA (for example, total mRNA) extracted from an or^^Z^^T^ 

port ^TdoSS rS^ T ?°" ° r POlyUridy,iC add fe Pref8rably USed as 1,16 P^ 0 ""oleic acid, and the^ybrid 
portion (double^tranded portion) compnsmg the probe nucleic acid and the oligoriboadenylic acid portion of the taroet 
nucleic acxi ,s preferabfy used as the starting site for the extensbn of the doub,e«tranded portion ' 
According to the present invention, a target nucleic acid is detected through detection of chemiluminescence The 

ac ualfeed bv SlfJ ^ '"e^ *™» one molecule of the chemiiuminescent compound can be 
ac ualeed by, for example, employing a photo^ounting method, even a nucleic acid associated with only one molecule 
of the chemiiuminescent compound can be detected. moiecuie 

o* a 21! " uclei i c -. acid ^ ectin 9 P roc ess according to the present invention can also suitably be applied to quantification 
of a target nucleic acd. For example, standard target^ucleic-acid samples of several concentrations are subtSed to 

T^'r "T CU,V9 18 ° btain6d ,r ° m thS re,ati0nship between luminescent ktoJfiX^lS^ 
concen ration, an unknown sample is then subjected to detection, and me target nucleic acb in the unsown sampte 
-s quantified from the luminescent intensity observed in the detection by referring the calibration curve 
The present invention will be further illustrated in detail with reference to the examples below. 

EXAMPLE 1 Measurement of Luminescence Wavelength and Relative Luminescence Intensity 
(1 ) Preparation of Reagent Solutions 

A. 0.2 M H 2 O a Solution 

and w ■S'SJ 10 2 ?? h, K H f 2 !°' U,i0n ^ 3dded t0 3 miX,Ufe SOlUti ° n COm P risin 9 5 ml °' dimethylsulfoxide 

ana yj ml of a 10 mM phosphate buffered solution (pH 6.0). 

B. Chemiiuminescent Compound Solution 

riiml^T^T 018 ^P 00 ^ 8 " a " 10 r "sted in Table 2 were individually solved in appropriate volumes of 
^ ch thai T ,° r U,t ? 9 SO ' UtbnS Wer ° thGn 20 -™<H«<* with a 10 mM phosphate buffed solution (pH 6 0 
absorla^ oM h nC6 T ™ * ** chemilu ™ ce "< in each diluted solu.bn fell within 5 to 50 uM and the 

absorbance of the solution at the wavelength for the maximum absorption in the visible light region was 0 5 
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C. 2.5 mM Bisdinltroph nyl Oxalat (DNPO) Solution 

42 milligrams of DNPO was dissolved in a mbctur comprising 4 ml of dimethylsulfoxide and 36 ml of a 10 mM 
phosphate buffered solution (pH 6.0). 

D. Double-Stranded Nucleic-Acid Solution Having a Base-Pair Concentration of 100 nM 

Salmon TesteaDNA (Sigma, 10 mg/ml) was sonicated into double-stranded nucleic-acid fragments having an 
average length of 200 base pairs, and then stepwisely diluted with a 10 mM phosphate buffered solution (pH 6 0) to 
obtain a double-stranded nucleic-acid solution having a base-pair concentration of 100 nM. 

(2) Detection of Chemiluminescence 

hnvinnf J 1 ! ° f ab ° ve - pr fP ared rea 9 enls A and B were placed in a quartz cell for fluorescence measurement 
having a s*e of 1 cm X 1 cm (optical path length X optical path width). After being well-mixed, each 400 ul of reagents 
C and D were further added and immediateV mixed to intercalate the chemiluminescent compound into the double- 

Zur™^™ Tc^? T 11 " 19 luminescent 6 P ec,rum was ex**™** ^ing an optical multidetection system 
MUC-7000 (Otsuka Electronic Industries, Co., Ltd.). For each chemiluminescent compound the luminescence wave- 

IhownTJ rl h l C ™ P °™ d ex , hibited the n**™" luminescent intensity, and the relative luminescence intensity are 
shown in Table 2. The relative luminescence intensity (LJ is calculated from the following equation. 

L n = M«I>< 100 

(In the above equation, l n = [rl^CJ, wherein rl n is the really measured luminescent intensity, C n is the concentration 
of the chemiluminescent compound, and n is the ID symbol for the compound.) 

Table 2 



Compound ID 


General Formula 


X 


Y 


Luminescence Wavelength 
(nm) 


Relative Luminescence 
Intensity (integral value) 


a 


[7] 


o 


I 


645 


100 


b 


[7] 


s 


I 


700 


25 


c 


[8] 


o 


co 4 


435 


130 


d 


[8] 


s 


cio 4 


465 


30 


e 


[9] 


o 


I 


670 


40 


f 


[9] 


s 


I 


720 


15 


9 


[10] 


o 


cto 4 


440 


50 


h 


[10] 


s 


cio 4 


500 


17 


i 


[11] 


o 


I 


630 


10 


j 


[11] 


s 


I 


690 


5 


k 


[12] 


o 


I 


690 


14 


I 


[12] 


s 


I 


745 


5 


rn 


[13] 


o 


I 


720 


23 


n 


[13] 


s 


I 


770 


8 


o 


[14] 


o 


I 


700 


30 


P 


[14] 


s 


I 


760 


12 


q 


[15] 


o 


cio 4 


450 


42 


r 


[15] 


s 


cio 4 


470 


14 



Incidentally, no chemiluminescence could be observed in an experiment conducted similar to the above except 
for using a 1 0 mM phosphate buffered solution (pH 6.0) instead of reagent D 

As is obvious from the results, the compounds listed in Table 2 exhibit chemiluminescence only in the presence 
« b ' e ; S,ra " ded n " cleic acid underthe c °" diti °" ^at an aqueous medium is used, and are useful for detection 
of double-stranded nucleic acids. Further, they exhibit satisfactory luminescence intensities, though the luminescence 
wavelengths are different depending on the compounds. luminescence 
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EXAMPLE 2 Quantification of Double-Strand d Nucleic Acid 
(1) Preparation of Reagent Solutions 

E. Chemiluminescent Compound Solution 

A necessary amount of Compound V listed in Table 2 above was solved in an appropriate volume of dimethyl- 
sulfox.de. The resulting solution was then 20-fold-diluted with a 10 mM phosphate buffered solution (pH 6 0) to prepare 
a chemiluminescent compound solution of 10 uM. i^va^ia 

F. Double-Stranded Nucleic-Acid Solution 

Reagent D prepared in Example 1 was stepwisely diluted with a 10 mM phosphate buffered solution (pH 6 0) to 
obtain double-stranded nucleic acid solutions having base-pair concentrations of 0.05, 0.5, 5, 50 and 500 fM, respec- 

(2) Measurement of Chemiluminescence Intensity 

rv,,„c E ,f,? h 200 nl °! rea " nt A PrGparad Example 1 and ,he ab0V °-P'°pan3<l reagents E and F were placed in a 
po ystyrene cell for Lum.nonr.eter 1 251 manufactured by BioOrbit Co., Ltd. After the cell was placed in a sample chamber 
of the lummome er, 400 ul of reagent C prepared in Example 1 was further added using an adjunct dispenser while 
bemg cons.stently stirred the mrxture by a stirrer disposed in the luminometer. Luminescence intensity of each sample 

T 5 1 ° 1 5 SSC - aftef tMe Staft ° f thS ° pera,i0n 0f the dis P enser ( includin 9 the time when the maximum 
luminescence intensity was exrubited), and the integral value of luminescence intensity was obtained. The results are 
shown m Fig. 1. [In Fig. 1, for the sake of convenience, the blank value observed when an equal volume of a 10 mM 
phosphate buffered solution ( P H 6.0) was added instead of the double-stranded nucleoid solution is plotted as the 
value when the concentration of hydrogen peroxide is 0.001 fM ] As is obvious from Fig. 1 , Compound V is applicable 
to quantrf.cat.on of double-stranded nucleic acids, and the detection limit of the system using it was approximately 0 1 
tM (in terms of base pair). 

EXAMPLE 3 Quantification of Double-Stranded Nucleic Acid 

A double-stranded nucleic acid was detected in the same manner as Example 2 except that Compound "a" was 
used instead of Compound V. The results are shown in Fig. 2. The detection limit of the system using Compound "a" 
was also approximately 0. 1 fM (in terms of base pair). vwnpuuna a 

EXAMPLE 4 Quantification of Double-Stranded Nucleic Acid 

A double-stranded nucleic acid was detected in the same manner as Example 2 except that Compound "p" was 
used instead of Compound "c". The results are shown in Fig. 3. The detection limit of the system using Compound V 
was also approximately 0. 1 fM (in terms of base pair). 

EXAMPLES 5 - 14 Detection of Target Single-Stranded Nucleic Acid 

In the below-described Examples 5 to 14, the operation to hybridize the sample and the probe nucleic acid was 
based on the method described in the publication, Saibo Kogaku (Cell Engineering) extra, "Baio Jikken Irastoreiteddo 
Biology Expenments Illustrated), Vol 2, Idenshi Kaiseki no Kiso (Fundament of Genetic Analysis)" (pp 1 37-152 pub- 
lished on September 25, 1995 by Shujun-sha Co.. Ltd.), and the operation for chemiluminescent reaction is based on 
the method described in the publication, 'Seibutsuhakkou to Kagakuhakkou, Kiso to Jikken (Bioluminescence and 
NsrTg | c m 'J 1eSCenCe ' Fundament and Experiments)" (pp. 257-258, published on January 10, 1989 by Hirokawa Pub- 
Further, the reagents commonly used in Examples 5 to 14 were prepared as follows. 
(1) Hybridization Buffered Solution 

50 milliliter of a 1 M Church phosphate buffered solution (pH 7.2), 200 ul of a 500 mM EDTA solution and 7 q of 

" 6Cy lsulf f^ SDS > »">"> mixed, andpurewaterwasaddedtothemixtureeuchthattheentirevolume 

of the m.xture was 100 ml, thus obtaining a buffered solution for hybridization. 
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(2) Washing Solution 

40 mi ter of a 1 M Church Phosphate buffered solution (pH 7.2), 100 ml of a 10 % by weight SDS solution and 
860 ml of pure water were mixed to obtain a washing solution. 

EXAMPLE 5 Detection of Single-Stranded DNA Using Acridine Orange 
(1) Hybridization 

7 sample solutions were obtained which contained 0.001 , 0.01 , 0. 1 , 1 .0, 1 0, 1 00, and 1 000 attomoles of a single- 
stranded DNA M1 3mp18 (manufactured by Takara Shuzo Co., Ltd.), respectively, in each 1 0 u.1 of a TE buffered solution 
(pH 7.5). 

Next, a blotting membrane (trade name Hybond N + , manufactured by AMERSHAM INTERNATIONAL pic ) was 
cut into 7 circle sheets having a diameter of 16.5 mm, and impregnated at the center with the above-prepared sample 
solutions one by one. After left standing at room temperatu re for 30 min. to be dried, the membrane sheets were washed 
in a 2 X SSC buffered solution for 60 sec, and dried at 80°C for 2 hours to immobilize the samples to the membrane 
sheets, respectively. 

The membrane sheets on which the samples were respectively immobilized were respectively placed on the bot- 
toms of wells of a 24-well tissue-culture flat-bottom microplate (manufactured by Corning Laboratory Science Compa- 
ny). After each well was filled with 1 ml of the hybridization buffered solution preheated at 60"C, prehybridization was 
carried out at 60 o C for 5 min. 

Next, each 5 u.l of a TE buffered solution containing 1 picomole of a probe DNA, M13 Primer M4 d(GTTTTC- 
CCAGTCACGAC) (manufactured by Takara Shuzo Co., Ltd.), which was previously subjected to a heat-shock treat- 
ment at 90»C was added to each well. In this state, the microplate was covered, and hybridization was carried out at 
60°C for 18 hours while shaking. 

After hybridization, the solution was removed from each well, and the wells were washed with each 1 ml of the 
washing solution at 60°C for 5 min. This washing procedure was repeated 3 times, and the wells were further washed 
with each 1 ml of a TE buffered solution at room temperature 2 times. The TE buffered solution was then removed 
from each well, and the resulting microplate was subjected to the succeeding operation (2) described below. 

(2) Detection of Luminescence 

The following reagents were used for detection of luminescence. 

i) 0.1 M H 2 0 2 Solution 

One milliliter of a 30% by weight H 2 O z aqueous solution was added toa mixture comprising 20 ml of t-butyl alcohol 
and 80 ml of dimethyl phthalate, and then-welfemixed to prepare a 0.1 M H^D Z solution. 

ii) Chemiluminescent Compound Solution 

A solution of 0. 1 mM (3 mg/10 ml) acridine orange in dibutyl phthalate was 1000-fold-diluted to prepare a 0 1 uM 
chemiluminescent compound solution. 

iii) 2.3 mM Bis(2,4,6-lrichlorophenyl) Oxalate (TCPO; Compound 56) Solution 

In 40 ml of dimethyl phthalate, 45 mg of TCPO was dissolved to prepare a solution of Compound 56 
Further, an automatic fluorescence-measuring system, CytoFluor II (manufactured by Japan Perceptive Limited) 
was used as a measurement apparatus, in which the portion around the excitation filter was screened with a screening 
plate such that excitation light cannot reach the measuring position, and the portion around the fluorescence filter was 
made to be penetrable such that any luminescence could be detected. The gain of the detector was set at 80 

Each well of the microplate subjected to the above-described operation (1) was washed with 1 ml of dimethyl 
phthalate, then filled w,th 1 ml of the chemiluminescent compound solution ii) and left standing at room temperature 
for 5 mm., and after the removal of the solution ii), washed with 1 ml of dimethyl phthalate 3 times After the removal 
of the dimethyl phthalate as a washing solution, each 600 ul of the solution i) and each 400 ul of the solution iii) were 
added to each of the wells and immediately mixed. Succeodingly, 10 sec. after the addition of the solutions i) and iii) 
the luminescence intensity was measured while being consistently stirred by a stirrer disposed in the measurement 
apparatus. The results are shown in Fig. 4. As is obvious from Fig. 4, the detection sensitivity was approximately 1 0 
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attomole. 

woch?' fT*? n, w a 'T inescence measur ment was carried out m a mann r similar to the above except that the 
washing treatm nt after the addition of the chemilumin scent compound solution ii) to the wells was omitted 

Satisfactory measurement results could not. however, be obtained since the background in the measurement was 

GxcGssivsly rsissd. 

EXAMPLE 6 Detection of Single-Stranded DNA Using 2,4,6Triphenylpyrylium Perchlorate in Non-Aqueous Medium 

(1) Hybridization 

Hybridization, washing, and other treatments were conducted similar to the operation (1) of Example 5 above. 

(2) Detection of Luminescence 
The following reagents were used for detection of luminescence. 

i) 0.1 M H 2 0 2 Solution 

h In" 1 "! 111 ? L° f 8 30% by WSi9ht Ha ° 2 aqUeous solution was added to a mixtur * comprising 20 ml of t-butyl alcohol 
" and 80 ml of dimethyl phthabte, and then well mixed to prepare a 0.1 M H^ solution 

ii) Chemiluminescent Compound Solution 



10 



s 



A solution of 0 1 mM (4.5 mg/10 ml) 2,4,6triphenylpyryli U m perchlorate in dimethyl phthalate was 1000-fold^iluted 
to prepare a 0.1 uM chemiluminescent compound solution. 

iii) 2.5 mM Bis(2,4-Dinitrophenyl) Oxalate (DNPO. Compound 59) Solution 

In 40 ml of dimethyl phthalate, 42 mg of DNPO was dissolved to prepare the object solution 
tt» Zr, m"? a m ' cr °P'^ubjected to the above^escribed operation (1) was washed with 1 ml of dimethyl phtha- 
m n «nn U * , the chemiluminescent compound solution ii) and left standing at room temperature for 5 

t 6 fern Ti™ , 9 ?u ti0n i0 " WaSh6d With 1 ml ° f dime,h >" ? hthalate 3 times - Afte ' »» removal of the 

2212^5 T . 11 , 6 S ° ,Uti0n ° 6aCh 400 ^ ° f ,he SO,Ution Hi > were added to each ^11 and 
immed.ately mixed. Succeeding!* similar to Example 5. 10 sec. after the addition of the solutions i) and iii) the lumi- 
nescence intensify was measured while being consistently stirred by a stirrer disposed in the measurement apparatus 
The results are shown ,n Fig. 5. As is obvious from Fig. 5. the detection sensitivity was approximately 1 .0 attomole ' 

For comparison a luminescence measurement was carried out in a manner similar to the above except that the 
washing treatment after the addition-otthe chemiluminescent compound solution ii) to the wells was omitted 

Satisfactory measurement results could not, however, be obtained since the background in the measurement was 
sxc©ssiv©iy fsisocJ. 

EXAMPLE 7 Detection of Single-Stranded DNA Using 2-Methyl-4,6-bis(4-N,N-dimethylaminophenyl) Pyr ylium Iodide 

(1) Hybridization 

Hybridization and other treatments were conducted similar to the operation (1) of Example 5 above, except that 
the 2-t,me-re P eated washing treatment using a TE buffered solution after the washing treatment using the above- 
specified washing solution was carried out using a 10 mM phosphate buffered solution (pH 6.0). 

(2) Detection of Luminescence 

The following reagents were used for detection of luminescence, 
i) 0.2 M H 2 0 2 Solution 

rnJn^l? ^ S^S* H ^«* ,eoue 6 ° ,ution was added to a mbcturo comprising 5 ml of dimcthylsulfoxide 
(DMSO) and 93 ml of a 10 mM phosphate buffered solution (pH 6.0), and then well mixed to prepare a 0.2 M H,0, 
solution. ^ ^ 
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ii) Chemiluminescent Compound Solution 
To 1 ml of DMSO, 4 



iii) 2.5 mM DNPO Solution 

EXAMPLE 8 Detection of Double -Stranded DMA Using YOYO-1 
(1) Hybridization 

ann^r? 01 10 10 100 and 1000 

« s ^4'Sr„«*r. « si"" ,e Tr* h "™*" K8ti ' esp * c, " e, >' <•> «» >«. 

for 18 hou» SKSSr m ' CrOP ^ C ° Vered ' ^ hybridiZati0n Was «"« out at 60»C 

(2) Detection of Luminescence 

The following reagents were used for detection of luminescence. 

i) 0.1 M H 2 0 2 Solution 

ii) Chemiluminescent Compound Solution 
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lii) 2.3 mM TCPO Solution 

« ? IT** Phthal3te ' 45 m9 ° f TCP ° WaS diSSO,ved to * object solution 

IS 0DVI0US from F'B- 7, the detection sensitivity was approximately 1 0 attomole 

exceSCa^ ' eSU ' tS "* hWW be ^ since the ba <*^ * the measurement was 

L3 L S E ys te D m eteC,i0n ° f D ° Uble - S,randed DNA U ™3 ^-Methyl 4,6-dipheny<p yry ,ium Perchlorate in Non-Aqueous 

(1) Hybridization 

ExampTe^ooTe " ** ^'^^ DNA ' ^ridization, washing and other treatments were performed similar to 

(2) Detection of Luminescence 

The following reagents were used for detection of luminescence. 

i) 0.1 M H 2 0 2 Solution 

ii) Chemiluminescent Compound Solution 

iii) 2.5 mM DNPO Solutionis* 

Each wl? ? imethVl P , htha ' ate ' 42 m9 °" DNP ° W3S diSSOlVed to P re P are th * °bject solution 

,S ° ' MU " S """" "° l to ™ eV<,t be ** Sd ™ »» "^""O " •» ">™e„, ™» 

EXAMPLE >0 DM, « D^-St^el DNA Using 4- M « M - 2 , 6 . bis (4.N 1 N-a™eth ylmi „op terw , )|1) , Iy , ium lodUa 

(1) Hybridization 

Hybridization and other treatments were performed similar to operation (1 ) of Example 8 above, except that the 



33 



EP 0 837 141 A2 



^'ZT^ WaShin9 ,r9 ! tment 08,09 8 ^ bufler ^ 8olu,iona » erthe cashing treatment using the abovo^pecified 
washing solution was carried out using a 1 0 mM phosphate buffer d solution (pH 6.0). 

(2) Detection of Luminescence 

The following reagents were used for detection of luminescence. 

i) 0.2 M H 2 0 2 Solution 

, JTnwo!Ii!, erS ?,f 300/0 b/ Wei9ht ^ aqUeous solution was added t0 a mature comprising 5 ml of dimethylsul- 
8 ^ ° f 8 10 mM PhOSPhate bUffered S °' Uti0n (PH 6 0) ' aPd ,h6n Wel ' miXed t° ptTe7o 2 M 

ii) Chemiluminescent Compound Solution 

reJLl ^ DMSO ; h 4 ' 5 ^ °' 4 - met hy'-2,6-bis(4-N,Ndimethylaminophenyl)pyrylium todide was dissolved, and the 
resulting m.xture was then addedto and mixed with 9 ml of a 10 mM phosphate buffered solution (pH 6 0) The esultina 

prepare a 0.25 uM chemiluminescent compound solution. 

Hi) 2.5 mM DNPO Solution 

In a mixture comprising 4 ml of DMSO and 36 ml of a 1 0 mM phosphate buffered solution (pH 6 0) 42 mq of DNPO 
was dissolved to prepare the object solution. iHnav,,«mgoruNKu 

SSZ? T „ T Para9 ' aph (1)> 8nd ' eft Standing 31 r °° m «^P^ture for 5 min. to intercalate the 

chemiluminescent compound into the resulting double-stranded nucleic acids. After this, each 200 ul of the solution") 

rfo^ 2 T *%? M 11 m ^ addSd t0 6aCh We " and immediate 'y mixed Succeeding,, s^milaVto rumple 
% redTv f Ji h T'^ S ° IUt,0n5 0 iH) thG luminescenc * «as measured wh5e being consistently 

Z H Y t t ' SP r ed measurement W™** ™° ^sults are shown in Fig. 9. As is obvious from Fig 9 

the detection sensitivity was approximately 0. 1 attomole. 

EXAMPLE 11 Detection of mRNA Using 4-Methyl-2,6-bis(4-N,Ndimethylaminophenyl)pyrylium Iodide 
(1) Hybridization 

a n™ Pf0be nUC 'f K aC \ d u havin9 a ^ sequence complementary to a part of the mRNA base sequence of human 8, 
facturec I by ABI Co., Ltd, and S-Am.nomodrf.er C6 manufactured by Grain Research Co., Ltd Incidentally purification 

ZEST* ^ T?TT" ' iqUkl <*™*°^ (H^C) according to an ord^ary meC The ase T- 
quence of thus-synthesized probe nucleic acid is as follows. 



5 ' -NH 2 -ATGCTGGCCGTGACGCACAGCA-3 ' 

Ba rnT,HT be 7 CleiC ? S diSpenS6d t0 e8Ch We " ° f 3 micr ° p,a,e ( M S-3796F, manufactured by Sumitomo 
chloHd linc J^t 'T ° n miCr ° Plate by USin9 ^^(^""thylaminoprapyDcarbodiimide hydro- 

chtonde (EDC) and N-hydroxysulfosuccinimide (Sulfo-NHS), and forming a covalent bond between amino group of the 
probe nucleic acid and carboxyl group on the surface of the micropbte 

h, Jf °7*T' aCC ° rdin9 10 an ° rdinafy me,h0d ' 3 hUman p2 adrener 9ic receptor mRNA was synthesized from a 
human fe adrenergic receptor cDNA using T 7 RNA polymerase, and purified after a DNase treatment 

ul of a Tf T « hlC , h ,h ? aforemenlioned ? robe ™«™ ™* was immobilized was treated with each 250 

y^ ^S^y^y? 1 <PH 7 0) * 45 ° C f ° r 1 h ° Ur ' 8nd ,he ,rea,men, solu,ion was the " ™<™> d 
" T 0 T nn Ne>rt H ^ 5 ° " ° 10 ? M Ph ° Spha,e bU " ered SOluti0nS (pH 6 -°) -spectively contahing 0.001, 
1° ' 1 h 1 °' 1 °; ™J ' and 1 ° 00 attomo,es of the hu ™n P 2 adrenergic receptor mRNA were added to the wells one 

orobe n,S . ^ ? !° ^ * 6n MQ ,0 b ° C °° l0d ,0 *• f0om "mature, thus hybridizing^ 
probe nucle.c acd and the target nucleic acid. After hybridization, the mixture in each well was removed and the 
resulting microplate was subjected to the succeeding operation (2) described below 
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(2) Detection of Luminescence 

Th following reagents were us d for detection of luminescence. 

i) 0.2 M H 2 0 2 Solution 

Two milliliters of a 30% by weight H 2 0 2 aqueous solution was added to a mixture comprising 5 ml of dimethylsul- 
foxide (DMSO) and 93 ml of a 10 mM phosphate buffered solution (pH 6.0), and then well mixed to prepare a 0 2 M 
H 2 0 2 solution. 

ii) Chemiluminescent Compound Solution 

To 1 ml of DMSO, 4.5 mg of 4-methyl-2,6-bis(4-N,Ndimethylaminophenyl)pyrylium iodide was dissolved, and the 
resulting mixture was then added to and mixed with 9 ml of a 1 0 mM phosphate buffered solution (pH 6.0). The resulting 
mixture was 400-fold diluted with a 10 mM phosphate buffered solution (pH 6.0) containing 5% by weight of DMSO to 
prepare a 0.25 pM chemiluminescent compound solution. 

iii) 2.5 mM DNPO Solution 

In a mixture comprising 4 ml of DMSO and 36 ml of a 1 0 mM phosphate buffered solution (pH 6.0), 42 mg of DNPO 
was dissolved to prepare the object solution. 

Each 100 ul of the solution ii) was added to each well of the microplate subjected to the hybridization operation 
(1), and after being well-mixed, left standing at room temperature for 5 min. to intercalate the chemiluminescent com- 
pound into the resulting double-stranded nucleic acids. 

After this, the mixture in each well was removed, and each 50 uJ of the solution i) and each 100 uJ of the solution 
in) were added to each well and immediately mixed. Succeeding!* similar to Example 5, the luminescence intensity 
10 sec. after the addition of the solutions i) and iii) was measured while being consistently stirred by a stirrer disposed 
in the measurement apparatus. The results are shown in Fig. 10. As is obvious from Fig. 10, the detection sensitivity 
was approximately 0.1 attomole. 

EXAMPLE 12 Quantification of mRNA in Unknown Sample Using 4-Methyl-2,6-bis(4-N,Ndimethylaminophenyl) 
pyrylium Iodide 

(1) Drawing of Calibration Curve 

Similar to Example 11, a microplate on which a probe nucleic acid was immobilized was prepared, a human p 2 
adrenergic receptor mRNA was then added to each well of the microplate, hybridization and detection of luminescence 
were carried cut r and a calibration curve was obtained from the results of the detection. 

(2) Preparation of Sample and Quantification of mRNA in Sample 

Human HL 60 promyelocyte leukemia cells were cultured and collected by centrifugation, and washed with PBS 
(pH 7.4). The cells were then divided into suspensions having concentrations of 1 x 10 3 , 1 x 10 4 , 1 x 10 s , 1 x 10 6 
and 1 x 10 7 cells/ml, respectively, repeatedly made to pass through a plastic syringe equipped with a 21 -gauge needle 
and then incubated in PBS at 45*C for 1 hour. From each sample suspension, the total RNA was extracted and purified 
using a total RNA separator kit manufactured by CloneTech Co., Ltd Thus-obtained each total RNA sample was dis- 
solved in PBS, reacted with a probe nucleic acid immobilized in each well of a microplate, and then subjected to 
detection of luminescence in a manner similar to Example 1 1 . The human p 2 adrenergic receptor mRNA in each sample 
was quantified referring the observed luminescence-intensity values to the previously drawn calibration curve As a 
result, 1 x 10-21 m 0 |es/cell (1 fg/cell) of the target nucleic acid could be detected in the sample derived from the 
suspension having a concentration of 1 X 10 4 cells/ml. 

EXAMPLE 13 Detection of Target Nucleic Acid with Extension of Double-Stranded Portion 
(1) Immobilization of Probe Nucleic Acid 

The sequence of M13 Primer M4 d(GTTTTCCCAGTCACGAC) is selected, and modified at the 5' end with an 
ammo group based on the method in Example 11. The thus-synthesized probe DNA was immobilized to a microplate 
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by covalent binding. 

(2) Hybridization and Extension of Double-Stranded Portion 

Solutions respectively containing 0.01 x 10-21, 0 .1 x 10-21, 1 0 x 10 -2i, 10 x 10-21 and 100 x 10-21 mo)es of a 
target nucleic acid, i.e. a single-stranded DNA M13mp18, were added to the wells of the microplate except a well for 
a blank test, respectively, and hybridization was carried out in the same procedure as that in Example 7 After the 
hybridization, the double-stranded portions were extended using a DNA polymerase, Taq DNA Polymerase manufac- 
tured by Toyobo Co. , Ltd. , while the single-stranded portions respectively adjacent the double -stranded portions were 
made to serve as templates. The conditions for extension were based on the protocol recommended by the manufac- 
turer, and the reaction time period was 1 hour. 

(3) Detection of Luminescence 

The wells subjected to the extension reaction were washed with a 1 0 mM phosphate buffered solution (pH 6 0) to 
remove the DNA polymerase and the nucleotide monomers, and detection of luminescence was carried out using 
4-methyl-2,6-bis(4-N,N-dimethylaminophenyl)pyrylium iodide in a manner similar to Example 11 . The results are shown 
in Fig. 1 1 . As is obvious from Fig. 1 1 , the detection sensitivity was approximately 0. 1 to 1 .0 X 1 0-21 mole Accordingly, 
by the extension of the double-stranded portion, detection sensitivity was improved by two to three orders of maqn itude 
as compared to Example 7. a 

EXAMPLE 14 Detection of Target Nucleic Acid with Extension of Double-Stranded Portion 

(1) Immobilization of Probe Nucleic Acid 

In the manner similar to operation (1 ) of Example 1 1 , a probe nucleic acid for detection of the human IU adrenergic 
receptor mRNA was immobilized to a microplate. 

(2) Hybridization 

In the manner similar to the operation (2) of Example 1 1 , solutions containing the human p 2 adrenergic receptor 
mRNA at predetermined concentrations were added to the wells of the microplate, respectively, and hybridization was 
carried out. 

(3) Extension of Double-Stranded Portion 

After the completion of the above hybridization (2), the wells of the microplate were washed, and a nucleic-acid- 
extension reaction was performed according to an ordinary method using 1 st-Strand cDNA Synthesis Kit manufactured 
by CloneTech Co., Ltd., wherein the probe nucleic acid was made to serve as a primer, and the single-stranded portion 
of the target nucleic acid was made to serve as a template. 

(4) Detection of Luminescence 

The wells subjected to the extension reaction were washed with a 10 mM phosphate buffered solution (pH 6 0) to 
remove the reverse transcriptase and the nucleotide monomers, and detection of luminescence was carried out using 
4-methyl-2,6-bis(4-N.N-dimethylaminophenyl)pyry lium iodide in a manner similar to Example 1 1 . The results are shown 
m Fig. 12 As is obvious from Fig. 12, the detection sensitivity was approximately 0.1 to 1 .0 x 10-21 mole Accordingly, 
by the extension of the double-stranded portion, detection sensitivity was improved by two to three orders of maqnitude 
as compared to Example 11. 

EXAMPLE 15 Synthesis of 2-Methyl-4,6-bis(4-N,Ndimethylaminophenyl)pyrylium Iodide 

100 ml of acetic anhydride and 30 ml of concentrated sulfuric acid were mixed while cooling, and the mixture was 
then heated at 80°C for 3 hours in a water bath. To the mixture, 20 ml of acetic anhydride and 30 ml of pdimethylami- 
noacetophenone were added at room temperature, and the resulting mixture then heated to 45° C and reacted for 24 
hours while stirring. To this reaction mixture, an equal volumo of ethanol was added. After cooling, a potassium iodide 
solution was further added to precipitate crude crystals. The crude crystals were then recovered by filtration and 
recrystallized m a mixture system ol ethanol/ether (1:4 by volume per volume) to obtain green crystals of 2-methyl- 
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4,6-bls(4-N I Ndimothylamlnophenyl)pyrylium iodide (Compound 1 in Table 1, wh rein Y Is I). 
Analysis Results of the Obtained Compound 1 (Y = I) 
Melting Point: 254 to 257°C 

Maximal Absorbance in UV or Visible Region [A^ (CH 3 CN, e X 10-4)]: 444 nm (2.43), 550 nm (8.24) 
NMR( 1 H, DMSO) 5ppm: 8.3737(1 H, s), 8.2729(1 H, d, J= 9.0 Hz), 8.1795(1 H, d, J = 9.0 Hz), 7.8864(1 H, s) 6 9117 
(4H, t, J AB = = 9.77 Hz), 3.1829(6H, s), 3.1340(6H, s), 2.6809(3H, s) 
FAB mass (m/z): 333 

IR (KBr, vcm-1): 1645, 1610(sh), 1580(s), 1490(s), 1270, 1200, 1160 
Measurement of Luminescent Intensity 
Preparation of Reagent and Sample Solutions> 

i) 0.2 M H 2 0 2 Solution 

Two milliliters of a 30% by weight H 2 0 2 aqueous solution was added to a mixture comprising 20 ml of t-butyl alcohol 
and 80 ml of dimethyl phthalate, and then well mixed. 

ii) Chemiluminescent Compound Solution 

The above-prepared 2-methyl-4 ) 6-bis(4-N,Ndimethylaminophenyl)pyrylium iodide was dissolved in dimethyl 
phthalate such that the absorbance of the resulting solution was 0.5. 

iii) 2 5 mM DNPO Solution 

In 40 ml of dimethyl phthalate, 42 mg of DNPO was dissolved. 
<Measurement Procedure> 

Each 1 ml of the above solutions i) and ii) were placed into a quartz cell for fluorescence measurement having a 
size of 1 cm X 1 cm (optical path length X optical path width), and well mixed. After this, the solution iii) was added 
and immediately mixed, and the luminescence spectrum was examined using an optical multidetection system IMUC- 
7000 (Otsuka Electronic Industries, Co., Ltd.). The wavelength where the chemiluminescent compound (Compound 
w a") exhibited the maximal luminescent intensity, and the relative luminescence intensity of Compound "a" are shown 
in Table 3, wherein the integral value of the maximal luminescence intensity is normalized with concentration, and the 
luminescence intensity of rhodamine B is assumed as 100. 

EXAMPLE 16 Luminescence Intensities of Various Chemiluminescent Compounds 

The relative luminescence intensities of various chemiluminescent compounds, and the wavelengths where the 
compounds exhibit the maximal luminescence intensities were measured in the same manner as Example 15, except 
that Compounds 'b" to V and rhodamine B were respectively used instead of Compound "a". The results are shown 
in Table 3. 



Table 3 



Compound ID 


General Formula 


X 


Y 


Luminescence Wavelength 
(nm) 


Relative Luminescence 
Intensity (integral value) 


a 


[7] 


O 


I 


645 


600 


b 


[7] 


S 


I 


700 


150 


c 


[8] 


O 


cio 4 


435 


775 


d 


|8| 


S 


cio 4 


465 


185 


e 


[9] 


o 


I 


670 


230 


f 


[9] 


s 


I 


720 


85 


9 


[10] 


o 


cto 4 


440 


295 
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Table 3 (continued) 



Compound ID 


General Formula 


X 


Y 


Lumin scene Wavelength 
(nm) 


noictuvo Lurninescenc 
Intensrtv ^intflnmt uaIii \ 

• I iis^i tony no^i ai vctiu J 


h 


[10] 


s 


cio 4 


500 


1 nn 
I uu 


i 


[11] 


o 




630 


fin 


i 


[11] 


s 


I 


690 


on 


k 


[12] 


o 


I 


690 


oo 


I 


[12] 


s 




745 


30 


m 


Mil 


u 




720 


135 


n 


[13] 


s 




770 


50 


o 


[14] 


o 




700 


185 


P 


[14] 


s 




760 


70 


q 


[15] 


o 


cio 4 


450 


250 


r 


[15] 


s 


cio 4 


470 


85 


Rhodamine B 








585 


100 



Table 4 shows the relative luminescence intensities of various fluorescent compounds measured using a typical 
oxalic ester, bisdinitrophenyl oxalate (DNPO), and hydrogen peroxide as luminescent-inducing reagents, wherein the 
relative luminescence intensities are shown as the values when the intensity values of rhodamine B is assumed as 
1 00 and based on the description of a publication, "Seibutsuhakkou to Kagakuhakkou, Kiso to Jikken (Bioluminescence 
and Chemiluminescence, Fundament and Experiments)- (pp. 77-108, published on January 10, 1989 by Hirokawa 
Publishing Co.), and the luminescence wavelengths were measured by the Inventors. 



Table 4 



Fluorescent Compound 


Luminescence Wavelength (nm) 


Relative Luminescence Intensity 


Perylene 


470 


500 


Rubrene 




170 


Rhodamine B 


585 


100 


DSN-Alanine 


510 


60 


3-Methylcholanthrene 




55 


Rose Bengal 




35 


Benzo [a] pyrene 


450 


15 


NBD-Proline 


530 


3.2 


9, 10-Dibromoanthracene 


440 


1.2 


Riboflavin 


535 


0.18 


Fluorescein 


510 


0.12 


SBD-Mercaptoethanol 




0.06 


Umbelliferone 




0.06 


a-Tocopherol 


440 


> 0.05 


NADH 




>0.05 


Pyridoxine Hydrochloride 




>0.05 



As is obvious from Table 4, the fluorescent compound exhibiting higher fluorescence yields, such as fluorescein, 
does not necessarily exhibit higher luminescence intensities. 

Comparing the data in Table 3 to that in Table 4, the luminescent compounds according to the present invention 
are found to exhibit luminescence intensities extremely higher than, or equal to or higher than, the conventional lumi- 
nescent compounds. Further, since such luminescent compounds exhibiting higher luminescence intensities belong 
to the group of pyrylium or thiapyrylium, they exhibit similarity in the chemical characteristics such as solubility, and 
therefore, a plurality of such luminescent compounds can be readily used in one system. Moreover, in addition to higher 
luminescence intensities, since the deviation in luminescence intensity falls within one order of magnitude a plurality 
of such luminescent compounds can be used without any special modification of the measurement apparatus Fur- 
thermore, as is obvious from Table 3, since the luminescent compounds according to the present invention exhibit 
luminescence in wavelength regions from near-ultraviolet to near-infrared, they are markedly advantageous for multi- 
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parameter analysis In one system. 

EXAMPLE 17 Quantification of Hydrogen Peroxide Using Compound V, 2-M thyl-4,6-diphenylpyrylium Perchtorate 
Shown in Table 3 



(1) Preparation of Reagent and Sample Solutions 

i) H 2 0 2 Solutions 

Appropriate amounts of H 2 0 2 solutions (prepared by appropriately diluting a 30% by weight H 2 0 2 aqueous solution) 
were respectively added to mixtures each comprising t-butyl alcohol and dimethyl phthalate, and were well mixed to 
prepare H 2 0 2 solutions having concentrations of 0.5, 1.0, 5.0, 50, 500 and 5000 fM, respectively. 

ii) Chemiluminescent Compound Solution 



Compound V shown in Table 3 was dissolved in dimethyl phthalate to prepare a 50 uM solution, 
iii) 2.5 mM DNPO Solution 



In 40 ml of dimethyl phthalate, 42 mg of DNPO was dissolved. 
(2) Measurement of Luminescence Intensity 

In a polystyrene cell for Luminometer 1251 manufactured by BioOrbit Co., Ltd., 200 pi of the above-prepared 
solution i) and 400 pi of the solution ii) were placed, and the cell was put in a sample chamber of the luminometer 
After this, 400 pi of the solution iii) was further added using an adjunct dispenser while being consistently stirred the 
mixture by a stirrer disposed in the luminometer. Luminescence intensity was measured and the integral value of 
luminescence intensity from 5 to 15 sec. after the start of the operation of the dispenser (including the time when the 
maximum luminescence intensity was exhibited) was obtained. The results are shown in Fig. 13 (for the sake of con- 
venience, the blank value observed in the absence of hydrogen peroxide is plotted as the value when the concentration 
of hydrogen peroxide is 0.01 fM). 

As is obvious from Fig. 13, the limit of Compound V in detection of hydrogen peroxide is approximately 1 fM, 

EXAMPLE tBQuantification of Hydrogen Peroxide Using Compound "a\ 2-Methyl-4,6-bis(4-N,Ndimethylaminophenyl) 
pyryhum Iodide, Shown in Table 3 



Quantification of hydrogen peroxide was carried out in the same manner as in Example 1 7 except that Compound 
"a- was used instead of Compound "c\ The results are shown in Fig. 14 (for the sake of convenience, the blank value 
OoTImT ' n abS0nCe ° f hydr °9 Qn P eroxide * Pitted as the value when the concentration of hydrogen peroxide is 

As is obvious from Fig. 14, the limit of Compound "a" in detection of hydrogen peroxide is approximately 1 fM 
similar to Compound M c". 

EXAMPLE 19 Quantification of Hydrogen Peroxide Using Compound "p", 2 I 4 t 6-Tris(4-N,Ndimethylaminophenvl) 
thiapyrylium Iodide, Shown in Table 3 

Quantification of hydrogen peroxide was carried out in the same manner as in Example 1 7 except that Compound 
■p" was used instead of Compound "c". The results are shown in Fig. 15 (for the sake of convenience, the blank value 
observed in the absence of hydrogen peroxide is plotted as the value when the concentration of hydrogen peroxide is 
0.01 fM). 

As is obvious from Fig. 15, the limit of Compound "p" in detection of hydrogen peroxide is approximately 10 fM. 
COMPARATIVE EXAMPLE 1 Quantification of Hydrogen Peroxide Using Rhodamine B 

Quantification of hydrogen peroxide was carried out in the same manner as in Example 1 7 except that Rhodamine 
B was used instead of Compound V. The results are shown in Fig. 16 (for the sake of convenience, the blank value 
observed in the absence of hydrogen peroxide is plotted as the value when the concentration of hydrogen peroxide is 
0.01 fM). 
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^^™,!,' Dm , F J 9 16 '. ,he ' imlt " Rhodamlne B h detec tion of hydrogen peroxide is approximat ly 10 M 
oound^rZ Tt P ' .V^ 0198 ^ 00 ^^ Example l.itcanbeunde^toodtSatth py^ium com- 
pounds accord.ng to the general formula [1] have sufficient det ctfon sensitivities in wavelength regions Trom nw- 
ultrav,olet to near-,nfrared as compared to conventional luminesc nt compounds. 

EXAMPLE 20 Chemi luminescence Characteristics 

The chemiluminescence characteristics of the chemiluminescent compound No. 6 and No 16 shown in Table 1 
Zl%7 < T ! ^ ' Uminescence COTdftions » those in Examp.e 15. The resu.ts a shZi iLble 5 
100 £ i ?J£ < ,Um r Cen ? in,6nSity b eXpreSS6d by the value when the valu * * rhodamine B is^ sumed as 
K-^^SZ^SS reSUltS ' ^ C ° mP0Und 6 ^ N °- 1 6 «"* — « — 



Compound No. 


X 


Y 


Luminescence Wavelength (nm) 


Relative Luminescence Intensity (integral 
value) 


6 
16 


s 
s 


I 

cio 4 


800 
825 


105 
65 



without frS lLt I 9 10 Pr6SSnt inVenti0n " ,he tar9et double-nucleic can be detected or quantified 
w, hout a raised background at an extremely high sensttivity, such as a concentration level of 0. 1 fM (in terms of base 
pa.r) or an absolute-quantity level of 0.1 attomoles (in terms of base pair) 

n.J.T^ to the P reSent inVenti ° a SinC8 chem «""iir.escence is utilized for detecting the double-stranded 

nucleic acri. the problems inherent in fluorescence methods can be removed. Moreover, since the chemilumte^em 
ZE£ JT ° f ,0rmin9 the doubl ^^ed nuc.eic acid, the probe nucleic acid SS^SS 

from being destab.teed. wh.ch may occur in the case where the probe nucleic ackJ is labelled 

er J.v rZT"l !™' deteCti0n ° f the double " s t^ded nucleic acid including the target nucleic acid is pref- 
erably earned out in a state where the chemiluminescent compound is associated with the double-stranSd nucleic 
l^LZTZ^T^ ""J"?* ^ chemilu ™ esce "< compound acquires chemiluminescent ab^ only Ten 
min?J^r d ° Ub ! e ' st : and 1 ed nucleic acid * According to such a manner, since the step of removingThe cheS- 
m.nescent compound molecules not associated with the double-stranded nucleic acid from the reactbn system be 

::;=:!:2s: be — *™ - * »** — - 

nucleic^Tnd^^h me t d0Ub, !" Stra : ded P ° rti0n " thS hybfid """P*** the ,ar 9 et nucl °* »* the probe 

ZZ^Z^T ,h9 S ° ,id Ph3Se iS 8Xtend8d by extension reac,ion . the P° rtto " *» assertion with 

the chermluminescent compound can also be extended. As a result, detection of the double«tranded nucleic acid can 
be further faclitated, and the detection sensitivity can be further enhanced 

trJ^HHT'J^ ,UmineSC l en, con «s according to the present invention exhibit luminescence intensities ex- 
1™ ? I , ' ° r h eqUa ' t0 ° r hiQher ,ha "' the convent ™a' luminescent compounds. Since such lumineiem 

s ^s; ;rr nd 9roup , o, r m or thiapyryiium - they exhibit ' imiteri,y in ,he *amS3S2 

ensues such as solubil.ly, and therefore, a plurality of such luminescent compounds can be readily used in one svstem 

2 Z m T ' 3 P ' Urali,y ° f SUCh ,uminescent compounds can be used without any special mod Sol of 
to he oZ7 ap t parat ^. h Furtherm °^. ^ shown in Tables 3 and 5, since the luminescent compounds aSrd ng 
Zltl T T T^" luminescence in wave '^g.h regions from near-ultraviolet to near-Lared they a"e 
markedly advantageous for multi -parameter analysis in one system. V 
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SEQUENCE LISTING 



(1} GENERAL INFORMATION 



(i) APPLICANTS: 

(A) NAME : CANON KABUSHIKI KAISHA 

(ii) TITLE OF THE INVENTION: PROCESS FOR DETECTING TARGET NUCLEIC ACID, PROCESS 
FOR QUANTIFYING THE SAME, AND PYRILIUM COMPOUND FOR CHEMI LUMINESCENCE ANALYSIS 



(iii) NUMBER OF SEQUENCES: 3 



(v) COMPUTER READABLE FORM: 

(A) MEDIUM: FLOPPY DISC 

{B) COMPUTER: PC 

(C) OPERATING SYSTEM: WINDOWS 95 

(D) SOFTWARE: WORD PERFECT 7 

(2) INFORMATION FOR SEQ ID NO:l: 

U) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 

(B) TYPE: NUCLEIC ACID 
. (C} STRAND EDNES S : SINGLE 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

<Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GTTTTCCCAG TCACGAC 17 

(3) INFORMATION FOR SEQ ID NO: 2: 

U) SEQUENCE CHARACTERISTICS 

(A } LENGTH: 17 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : SINGLE 
{D} TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

Ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GTAAAACGAC GGCCAGT 17 

(4) INFORMATION FOR SEQ ID NO; 3: 

(i) SEQUENCE CHARACTERISTICS 
(A) LENGTH: 22 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: SINGLE 
<D> TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
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ATGCTGGCCG TGACGCACAG CA 22 



Claims 



1. A pyrylium compound represented by the following formula [1] for use in chemiluminescence 

R 2 



analysis: 




Hi. 



wherein: 



X is O, S, Se or Te; 

two of Ri, R2 and R3 are independently a substituted or unsubstituted aryl group 

a h rouo he c L^ dr ° 9en a, ° m " hal09en al ° m ' SU " 0nate 9rOUp ' amino 9rou P' «** B rou P' group, hydroxyl 

SS^^TSX subs,Huta, or unsubstituted alkyl sroup ' substituted 01 — tuted 

L is 4.1- -L2-L3- or -L«-L«-L«-. wherein each of L 1 to L* is independently -(ChfcCH)-, a divalent arouo 

Z o Th ^ SUb f Uted - UnSUbStitUted 9r0Up ' a substituted or -substrtuted J £ 
group, or -CH=RS wherein R» is a ring structure having an oxo group and 

A « a substituted or unsubstituted aryl group, or -CH=R5, wherein R* is a substituted or unsubstituted 
heterocyclic nng, subst,tu.ed or unsubstituted cyctoa.kyl group or substituted or unsubstituted aromaS 

Y* is an anion. 



-CH=C- (CH=CH)n- 
I 

2 



(2] ; 



-<|)-(CH=CH)n- 
-CH=CH-$-CH=CH- 



[31; 
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- CH 




[5] ; 



and 




[6] , 



wherein 2 is a hydrogen atom or a substituted or unsubstituted lower alkyl group, n is 0, 1 or 
or unsubstituted o-, m- or p-phenylene group. 

3. The pyrylium compound according to Claim 1 , represented by the folbwing formula [7]: 



N(CH 3 ) 3 



(CH 3 ) 2 N 




[7] 



wherein X is O, S, Se, or Te, and Y" is an anion. 

4. The pyrylium compound according to Claim 3, wherein X is O or S, and Y is I or CI0 4 . 

5. The pyrylium compound according to Claim 1 , represented by the following formula [8]: 
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wherein X is O, S, Se, or Te, and V is an anion. 
L The pyrylium compound according to Claim 7, wherein X is O or S, and Y is I or CI0 4 . 
'" The PyfV'um compound according to Claim 1 , represented by the following formula [10]: 



CH 3 




wherein X is O, S, Se, or Te, and Y* is an anion. 
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10. The pyrylium compound according to Claim 9, wherein X Is O or S, and Y is I or CI0 4 . 

11. The pyrylium compound according to Claim 1 , represented by th following formula [11 J: 



N(CH 3 )j 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 




HI], 

wherein X is O, S, Se, or Te, and V is an anion. 

12. The pyrylium compound according to Claim 1 1 , wherein X is O or S, and Y is I or CI0 4 . 

13. The pyrylium compound according to Claim 1, represented by the following formula [12]: 

N(CH 3 ) 3 




N(CH 3 ) 2 



(12) , 



wherein X is O, S, Se, or Te, and V is an anion. 

14. The pyrylium compound according to Claim 13, wherein X is O or S, and Y is I or CI0 4 . 

15. The pyrylium compound according to Claim 1 , represented by the following formula [13]: 
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10 



15 



20 



25 



30 



35 



40 



45 



SO 



(CH 3 ) 2 N 




N(CH 3 ) 2 



wherein X is O, S, Se, or Te, and Y" is an anion. 

16. The pyrylium compound according to Claim 15, wherein X is O or S, and Y is I or CI0 4 . 

17. The pyrylium compound according to Claim 1, represented by the following formula [14]: 

N(CH 3 ) 2 



(CHj) 2 N 




N(CH 3 )j 



[13] . 



[14], 



wherein X is O, S, Se, or Te, and Y" is an anion. 

18. The pyrylium compound according to Claim 17. wherein X is O or S, and Y is I or CI0 4 . 

19. The pyrylium compound according to Claim 1 , represented by the following formula [15]: 



55 
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[15], 

wherein X is O, S, Se, or Te, and Y* is an anion. 
20. The pyrylium compound according to Claim 19, wherein X is O or S, and Y is I or CI0 4 . 

to the substltuent of said pyrylium compound. 

22. A process for detecting or quantifying a target nucleic acid comprising the steps of: 

associating a chemiluminescent compound capable of being associated wrth a double-stranded nucleic acid 
with a double-stranded nucleic acid comprising the target nucleic acid; and 

detecting or measuring chemiluminescence from said chemiluminescent compound associated with said dou- 
ble-stranded nucleic acid. 

23. The process according to Claim 22, wherein said target nuclec acid is the double-stranded nucleic acid. 

24. The process according to Claim 22, wherein said target nucleic acid is a single«tranded nucleic acid having a first 
base sequence, and said double^tranded nucleic acid comprising the target nucleic acid is a hybrid between the 

tT£ h f Tk nU aC ' d 3nd 8 Pr ° be nUC ' eic acid havin9 a second base S3 W™° wh^h is complementary 

to said first base sequence. 

26 ' 2Z r TVT'T 9 ,0 C ' aim 22 ' When d9pendent 0n Claim 24 ' ,urthar ^P^ing the step of hybridizing said 
s ngle-stranded nucleic acid with said probe nucleic acid to form said double-stranded nucleic acid which is capable 
of being associated with said chemiluminescent compound. 

26. The process according to Claim24 or 25, wherein said target nucleic acid is DNA or RNA. 

27. The process according to Claim 26, wherein said DNA is cDNA. 

28. The process according to Claim 26, wherein said RNA is mRNA, tRNAor rRNA. 

29. The process according to Claim 24 or 25,wherein said probe nucleic acid is DNA or RNA. 

3 °' ™p P rT ° fdin ? l ° C u' aim 24 ° f 25 ' WhGrein SSid tar96t nUC,eic acid is mRNA comprising a base sequence 
corresponding to an ohgoriboadenylic acid at 3'-end region thereof, and said probe nucleic acd comprises a base 
sequence corresponding to oligodeoxyribothymidylic acid or polydeoxyribothymidylic acid, the base sequence of 
the probe nucleic acid relating to hybridization with said target nucleic acid. 

31 " tolZZ p S hase C ° rdin9 10 ° f Cl3imS 22 10 301 Wh ° rein Said doublG - strandod nuoloio acid is »nmobilizod 
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M " riS^ ^'k 9 t0 ^' a,m31 Wh6n dependent 0,1 Cla,m said double-strand d nucleic acid Im- 

mobilized to a solid phas is form d through the steps of; «*.«.iu.m 

immobilizing said target nucleic acid to a solid phase; 

preparing as said probe nucleic acid, a single-stranded nucleic acid capable of binding with said target nucleic 
nudeic add C ° mP ' emen,ary set 1 uanc8s * 3«nd regions of the target nucleic acid and the single-stranded 
hybridizing said target nucleic acid with said probe nucleic acid to form a double-stranded nucleic acid- and 

SZT" 8 " UC ' e0t \ des J 0 ,he 3 '- ends of said ^ acid and said probe nucleic acid by extension 

reaction to extend a double^stranded portion in said double-stranded nucleic acid. 

33 ' ^S aCC °?K° ° w 31 " h6n d6Pendent ° n C ' aim 24 ' Wherein -« double^tranded nucleic acid 
immobilized to a solid phase is formed through the steps of; 

K?" f d n ( Udeic acid ' a single-stranded nucleic acid capable of binding with said target nucleic 
nude,c add commentary sequences at 3'-end regions of the target nucleic acid and the single-stranded 

immobilizing said probe nucleic acid to a solid phase 

hybridizing said target nucleic acid with said probe nude* acid to form a double^tranded nucleic acid- and 

SZT 9 98 J° th9 3 '" 9ndS ° f 531(1 terget nM ackJ and said P robe ™«™ ™« by extension 

reaction to extend a double-stranded portion in said double-stranded nucleic acid. 

34. The process according to Claim 31 , 32 or 33, wherein said solid phase comprises a plastic plate. 

35. The process according to any one of Claims 22 to 34, wherein said chemiluminescent compound is capable of 
being inserted into the doub.e helical structure of safe, double-stranded nucleic acid as an inleTalato' 

36 ' TanfS Ta^Uo ?1 t0 * chemiluminescent com PO"nd * a PWllum compound as defined 

37 ' ^ P ZZ S ^?h 9 ,0 , any °"f.° f C ' aimS 22 10 361 Wh6rein "** ^"""inescent compound is inserted into 
said double-stranded nucleic acid by groove binding. 

38. The process according toany one of Claims 22 to 37, wherein the luminescence-detecting step is conducted under 
~el^~^ — d «* - d -~ nucleic acid^ 

39. Jhe Process according to Claim 38, wherein said condition is in an aqueous medium in which sad chemilumines- 
cent compound non-associated with a double-stranded nucleic acid does not exhibit chemi.uminescence 

40. The process according to Claim 39, wherein said aqueous medium is water. 

41. The process according to Claim 39, wherein said aqueous medium is an aqueous buffer solution. 

42 T 0 zr:-:^iT a ' m 39, wherein said aqueous medium is * mix,ure s ° iuti ° n ° f — «* - 

43 ' l^nZZ- , aCCOrdin9 i° C ' aim ?■ Wherein or 9 anic ^vant comprises a. least one solvent selected from the 
group consisting of methanol, ethanol, acetonitrile, dimethylformamide, dimethylsulfoxide, and isopropanol 

44 - ^S^S^^J^ said mix,ure so,u,ion has a con,en « of said ^ 

45. The process according to Claim 44, wherein said content falls within 5 to 20% by volume relative to water. 

46. The process according to Claim 39, wherein said aqueous medium has a pH value falling within 5 to 8. 

47. The process according .0 any one of Claims 22 to 46, wherein said luminescenceKtetecting step includes allowing 
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S52IrSr^ COfnP ° Und ^ d0Ub,e - Stranded nuc,e,c acW to ««* with an oxalic ester and hy- 
48. The process according to Claim 47, wherein said oxalic ester is bisdinitrophenyl oxalate. 

49 ' m ESZT°^ h °!t m f *!• Wh6rein ° XaliC eS,ef iS SeteC,ed the 9 rou P consisti "9 - impounds 
[16] to [30] represented by the following formulae: 

•CI 



Ck 



"CI 

(16] 



°\ /CI Qv .CI 

a«/VoJXo-/Va 



cr x a 

[17] 



0 w/ Vo-LLo-V/ ^ 





0 0 




19 
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-CI CI, 
0 0 



a-// Vo-U-o-Z/l 



CI 



Cl / X COOC 5 Hn CsHnOOC^ X CI 



[20] 



0 2 N 




•CHO OHC 
0 0 




N0 2 



[21] 



(22); 



[23] 




C2H50(H2CH2COhOC , 
0 



0 2 N — (f C—C — O (f \— N0 2 



0 

v CO(OCH 2 CH2)20C2H5 



[24] ; 
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0 0 

II II 

CH 3 OCH 2 CH 2 — N — C — C — N — CH 2 CH 2 OCH 3 



S0 2 so 2 

I I 
CF 3 CF 



3 [26]; 



O 0 

II II 

C 1CH 2 CH 2 — N — C — C — N — CH 2 CH 2 C 1 



S0 2 
I 

CF 3 



so 2 

I 

CF 3 



(27 ] ; 




0 
II 

CH 2 CH 2 — N— C 

I 

so 2 
I 

CF 3 



2CF3SO3 



[28] 




0 

^ — CH2CH2 — N — C — 

CH 3 S0 2 
I 

CF 3 



2CF3SO3 



[29] ; 
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0 



\ N — CH 2 CH 2 CH 2 -N-C 
\ / Vu 1 

I 

CF 3 



2CF3SO3 



[301 



50. Novel compounds of the formula given in any of claims 1 to 21 . 

51. Use of a chemiluminescent compound in the detection or measurement of nucleic acid. 
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FIG. 6 
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FIG. 10 
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FIG. 15 
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